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CHAPTER  t 


INTRODUCTION 

1.1  Meed  for  Simulation  of  Eleotro-Optloal  and  Meteorologloal  Varlableo.  Air  Force  Global  Weather 
Central  ( AFGWC)  Program  Action  Directive  (PAD)  80-1  required  a  survey  of"  environmental  simulation 
customers  to  determine  their  requirements  for  the  next  5  years  and  provide  at  least  an  Idea  of  their  needs 
for  the  5-10  year  time  frame.  The  USAF  Environmental  Technical  Applications  Center  (USAFETAC), 
Environmental  Simulation  Section  (DNY)  conducted  that  survey  In  September  1981,  One  of  the  major  points 
noted  In  survey  replies  was  that  there  Is  a  definite  need  for  simulation  of  specific  optical  and  Infrared 
variables  over  the  limited  range  and  time  Interval  that  weapon  systems  are  employed.  Army  units,  such  as 
tho  United  States  Army  Missile  Command  Research  Directorate  (Redstone  Arsenal,  AL)  and  Headquarters  TECOM 
Systems  Analysis  Division  (Aberdeen,  MD),  were  particularly  Interested  in'  simulation  of  Infrared 
variables. 

Simulation  of  electro-optical  and  meteorological  (EO/Met)  variables  has  a  wide  range  of  applications 
to  Air  Weather  Service  (AWS)  customers.  Weapon  systems  effectiveness  studies,  design  trade-off  analyses, 
combat  tactics  simulation,  strategy  and  doctrine  development,  war  games,  and  similar  activities  often  need 
some  kind  of  weather  Input.  Simulation  of  EO/Met  variables  offers  a  practical  alternative  to  the  large 
numbers  of  actual  observations  previously  required  as  inputs  to  these  models.  Environmental  simulation 
models  Incorporate  historical  weather  records  through  such  statistical  methods  as  probability  distribution 
and  correlation.  These  simulation  models  can  produce  synthetic  obser,.  .ions  much  like  real  ones,  and  add 
the  desired  risk  statistics  called  for  by  the  designer  or  planner. 

Shields  (1981)  and  Janssen/van  Schle  (1981)  have  done  detailed  analyses  on  tho  frequency  of 
occurrence  for  selected  EO/Met  variables  within  the  framework  of  the  NATO  Optical  Atmospheric  Quantities 
in  Europe  (OPAQUE)  program.  USAFETAC/DNY  takes  the  frequency  of  occurrence  analysis  one  step  further  by 
mathematically  modeling  the  cumulative  frequencies  for  use  in  an  environmental  simulation  model.  This 
publication  is  one  of  the  first  complete  statistical  analyses  of  simultaneous  observations  of  EO/Met 
variables.  Although  not  a  requirement  of  this  project,  linear  regression  equations  developed  as  a  by¬ 
product  of  the  statistical  analyses  are  also  presented. 

1.2  The  NATO  OPAQUE  Program.  An  effective  statistical  study  of  EO  variables  requires  simultaneous 
measurements  of  visibility  In  both  the  visible  and  Infrared  wavelengths.  While  there  have  been  a  number 
of  studies  of  EO  elements  In  different  meteorological  conditions,  the  OPAQUE  project  Is  the  first  extended 
coiiecti-in  of  simultaneous  observations .  Initial  OPAQUE  plans  called  for  a  measurement  period  or  2  years, 
but  several  OPAQUE  locations  have  considerably  more  observations. 

The  OPAQUE  program  was  organized  under  the  Defense  Research  Group  of  the  North  Atlantic  Council 
NATO.  A  series  of  Research  Study  Groups  (RSGs)  under  that  council  developed  the  Joint  measurement  program 
Tor  the  European  theater.  RSG-3  of  Panel  III,  Sky  and  Terrain  Radiation,  submitted  the  original  proposal 
for  an  GPAQUE  measurement  program  in  November  1973.  NA10  publication  OPAQUE  D-7302  (Fenn,  1978)  describes 
the  measured  elements,  the  measurement  sites,  the  measurement  schedule,  and  data  format  for  this  plan. 
Recommended  locations  for  EO/Met  measurements  were  (Fenn,  1978): 


Northern  Norway 
Netherlands  (urban  area) 

Northern  UX 
Denmark 

Northern  Germany  (near  eastern  border) 
Southern  Germany 


German  urban  industrial  site 
Northwest  France 
Southern  Italy 
Mediterranean  Sea 
Mountain  site  (Alps) 


Site  selection  depended  first  on  military  tactical  considerations;  second,  or.  how  well  the  sites 
represented  the  locations  In  terms  of  geographical  environment  and  meteorological  conditions;  and  third, 
on  the  availability  of  logistic  support.  RSG-8  of  Panel  IV,  Atmospheric,  Optical,  and  IR  effects, 
selected  seven  sltea  for  the  measurement  program; 


Danish/Canadian  Station  -  Lolland,  De/imark 
French  Station  -  Bruz,  France 
German  Station  -  Blrkhof,  Germany 
Italian  Station  -  Trapani,  Italy 
Netherlands  Station  -  Yper.burg,  Netherlands 
UK  Station  -  Christchurch,  England 
US/German  Station  -  Meppen,  Germany 


Figure  1.  Map  of  Europe  Showing  the  Northern  OPAQUE  Locations. 


Figure  1  3how3  the  locations  of  the  OPAQUE  measuring  sites.  With  the  exception  of  Trapani,  Italy, 
all  OPAQUE  sites  were  hjllt  and  Installed  during  1976  and  1977,  and  have  been  recording  observations  since 
the  winter  of  1976-1  977.  NATO  OPAQUE  d-8102  (19811  of  the  RSG-1  P,  Panel  IV  contains  the  measurement  codes 
ar.d  format  specif lcat  1  cns  for  tne  OPAQUE  data  tapes. 


1.3  Pro.'  .1  H»qulr—»nt> .  In  February  1982,  the  Air  Force  Geophysics  Laboratory,  Optical  Physics 
Division  (AFGL/OP TT,  requested  that  USAFETAC/DNY  Investigate  the  statistical  relat  lohshl  ps  of  the  EO/Met 
variables  at  a  suitable  OPAQUE  site.  An  environmental  simulator  would  follow  based  on  the  results  of  that 
Investigation.  The  statistical  analyses  and  simulation  modeling,  where  possible,  were  to  be  within  the 
framework  of  the  environmental  simulation  techniques  described  In  USAFETAC  TN-82/004,  Basic  Techniques  In 
Environmental  Simulation.  The  developed  simulator  would  then  be  tested  for  tranaportabi  1 1  ty  at  a  second 
OPAQUE  location. 

The  Ypenburg,  Netnerlands,  and  Chrl stcnurcn ,  England,  OPAQUE  locations  were  selected  for  analysis 
because  of  the  number  and  completeness  of  available  data.  Ypenburg  contains  47  months  of  data  (from  March 
1977  to  February  1981,  excluding  June  1980).  Christchurch  contains  27  months  of  data  (from  December  1976 
to  February  1979). 

Ypenburg  (52°  03'  N,  8°  22'  E)  Is  located  about  7  km  southeast  of  Hague,  The  Nethe-lands,  and  10  to 

1b  km  northwest  of  F^.terdaa.  The  site  Is  strongly  Influenced  by  artificial  Illumination  at  night. 

The  Physics  Research  Group  of  the  TNQ  Physics  Laboratory  managed  the  OPAQUE  measurement  program  at  the 
Netherlands  site.  Ypenburg  Is  representative  of  the  urban  industrial  environment  of  northern  Europe. 

The  UK  OPAQUE  site  Is  located  at  a  site  of  the  Royal  Signals  Research  Establl  hment  at  Ba^nsfleld 

Health,  near  Christchurch,  about  8  km  inland  from  the  south  coast  of  England  <50  AH'  N,  1°  45  W). 

Christchurch  Is  representative  of  northern  Europe's  maritime  envl  ronment . 

The  EQ/Met  elements  to  be  Investigated  were  visual  attenuation  and  visual  extinction  In  km-', 

1  nf rared  transmittance  In  the  3-4  to  5.0  and  8.0  to  2.0  micron  bands  as  percent  transmission,  cloud  cover 
In  octas,  wind  speed  at  10  and  2  meters  In  msec  relative  humidity  in  percent,  and  temperature/dewpolnt 
In  degrees  celstus.  Aerosol  concentration  data  would  have  been  used  but  were  not  available  for  the 
present  study.  Such  aerosol  measurements  were  made  by  the  TN0,  and  are  described  in  a  report  by  Hemraes 
(1982).  Derived  quantities  such  as  aerosol  infrared  ( I R )  transmission  and  equivalent  aerosol  IR 
extinction  proved  mere  valuable  than  the  actual  transmittance  observations  Tor  comparing  the  visual  and 
Infrared  visibilities.  Other  variables  In  the  OPAQUE  data  base  could  be  adapted  to  a  similar  type 
analysis.  AFCL/0PA  provided  the  OPAQUE  data  tapes  for  the  projects. 

1.<  Tha  Eleotro-Optloa/Meteorology  Simulator.  The  remainder  of  this  technical  note  consists  of 
descriptions  of  the  OPAQUE  EO/Met  variables  used  in  the  project,  the  key  concepts  in  statistics  and 
simulation,  the  environmental  simulation  models  Used  by  USAFETAC.  the  statistical  analyses  of  EO/Mot 
variables  !n  the  OPAQUE  data,  and  the  two  EC/Met  simulator  a  developed  for  this  project.  chapters  2 
through  7  are  organized  as  follows: 

Chapter  2 — The  meteorologies)  and  electro-optical  variables.  Includes  both  the  raw  .enables  and 
derived  variables,  such  as  equivalent  aerosol  IR  extinction  used  to  develop  the  simulator. 

Chapter  3 — Basic  techniques  In  environmental  simulation.  Includes  the  basic  statistical  concepts  of 
simulation,  the  slngle-ver  lad’  e.  single-station  model  (VlSl),  the  two-variable,  single  station  model 
(V2SD,  and  Multivariate  Triangular  Matrix  model  (MULTRI). 

Chapter  * — Cumulative  distribution  functions  of  the  electro-optl cal  and  meteorological  variables. 
Covers  the  standard  USAFETAC  cumulative  distribution  modeling  functions,  evaluation  of  cumulative 
distributions,  conversion  of  raw  probability  to  a  normal  probability,  and  line  segment  fitting. 

Chapter  5 — Correlation  coefficients.  Covers  the  correlation  coefficient  development,  the  effect  of 
random  error  of  observation  on  correlation,  and  the  serial  and  cross  correlation  of  the  OPAQUE 
variables. 

Chapter  6 — The  electro-optical /meteorologl cal  simulator.  Describes  the  two  simulators  (EOMETS1  ar.d 
E0METS2)  developed  for  this  project,  and  the  transportability  of  the  simulators  to  other  locations. 

Chapter  7 — Linear  regression  analysis  for  the  OPAQUE  Ypenburg  data. 


CHAPTER  2 


THE  tCTEUROLOGICAL  AMD  ELECTRO-OPTICAL  VARIABLES 


2.1  Oeneral.  Table  1  gives  the  OPAQUE  EO/Het  variables  used  for  this  project,  the  measuring 

instrument,  the  measurement  units,  and  the  estimated  measurement  error  (Fenn  et  al,  1979).  The 

meteorological  observations  are  on  the  hour.  ■  The  electro-optical  measurements  span  a  period  of  time 
following  each  hour,  ranging  from  b  minutes  at  Ypenburg  to  10  minutes  at  Christchurch.  The  visual 
attenuatlon/extlnctlon  measurements  contain  the  beginning,  ending,  maximum,  and  minimum  values  for  the 
measurement  cycle.  The  beginning  anu  ending  values  are  occasionally  the  maximum  or  minimum  values.  The 
3.i)-5.0  micron  band  has  both  a  beginning  and  ending  value,  while  the  8-12  micron  band  has  only  the  first 
reliable  observation  within  the  period.  To  allow  for  the  best  statistical  comparison  between  the 

visibility  and  meteorological  elements,  USAFETAC/DNY  chose  the  beginning  visibility  observations  to 

develop  the  probability  distributions. 


TABLE  1.  Measured  OPAQUE  Variables  Used  for  Analysis. 

Aoouraoy 

±20J 


not 


l2t 


l2t 


±.2»C 

±5% 

±1°C 

±21 


Observations  containing  ralnrat.e,  rainfall,  or  missing  ralnrate/ralnfall  observations  were  not 
Included  In  the  project.  This  la  consistent  with  other  OPAQUE  analyses  (Shields,  1980.  The  scattering 
properties  of  p-eclpitatlon  are  significantly  different  Trom  that  of  aerosols,  thus  producing  an  unknown 
bias  In  the  statistical  relationships.  The  total  numoer  of  observations  deleted  from  each  hour's  data  Is 
small,  averaging  10  to  15  observations  per  1 -hour  time  bln.  A  separate  analysis  for  rain  cases  Is  not 
possible  for  such  a  small  number  of  observations.  Appendix  C  contains  the  number  of  omitted  rain  case 
observations . 

Eacn  OPAQUE  site  took  measurements  in  Mean  Solar  Time  (MST),  where  mean  solar  noon  Is  the  time  at 
which  the  sun  reaches  Its  zenith.  This  allows  comparison  between  measurements  at  dl. rerent  OPAQUE 
locations.  The  MST  for  Ypenburg  Is  17  minutes  28  seconds  In  advance  of  Greenwich  Mean  Time  (GMT),  while 
Christchurch  Is  7  minutes  behind  GMT.  Table  2  shows  the  Ypenburg  sunrise  and  sunset  MST  for  selected 
dates.  These  tines  were  used  to  explore  solar  influences  on  different  combinations  of  hourly  groupings  of 
observations . 


Variable 

Instrument 

Units 

Visual  Scattering  Coefficient 
Photopl c 

Visibility 

Nepheiometer 

AEG  Point 

km" ' 

Infrared  Transmittance 

Photopl c 

Transmlssometer 

Eletro 

km"1 

Infrared  Transmittance 

3.H  -  5.0  microns 

Transmlssometer 

Barnes 

1 

Infrared  Transmittance 

8.0  -  12.0  microns 

Transmlssometer 

Barnes 

* 

Cloud  Cover 

V isuel 

uctas 

Temperature 

Aspirated 

•c 

Relative  Humidity 

Hair  Hygrometer 

* 

Dewpoint 

Lithium-Chloride 

°C 

Wind  Speed  at  10m  and  2m 

Cup  Anemometer 

msec" 

Rain  Rate 

— 

mm  hr 

Rainfall 

— 

mcihr" 

I* 


TABLE  2.  Ypenburg  (52*  03'  N,  4*  22'  E)  Sunrise  and  Sunset  Mean 
Solar  1  lee  (MST)  for  Selected  Tlees  (after  the  Air  Alaanao,  1983). 


DATE 

SUNRISE 

SUNSET 

DATE 

SUNRISE 

SUNSET 

Jan 

1 

0751 

1542 

Jul 

1 

0337 

2006 

Jan 

15 

0745 

1600 

Jul 

15 

0340 

2000 

Feb 

1 

0724 

1630 

Aug 

1 

0404 

1934 

Feb 

15 

0659 

1658 

Aug 

15 

0426 

1908 

Mar 

1 

0633 

1721 

Sep 

1 

0452 

1834 

Mar 

15 

0559 

1746 

Sep 

15 

0516 

1759 

Apr 

1 

0519 

1815 

Oct 

1 

0542 

1722 

Apr 

15 

0448 

1840 

Oct 

15 

0606 

1650 

May 

1 

041  5 

1907 

Nov 

1 

0637 

1615 

May 

15 

0351 

1929 

Nov 

15 

0701 

1553 

Jun 

1 

0329 

1952 

Dec 

1 

0727 

1536 

Jun 

15 

0322 

2004 

Dec 

15 

0744 

1532 

2.2  Meteorological  OPAQUE  Data.  The  Ypenburg  measured  moisture  element  Is  relative  humidity,  while 
that  of  Christchurch  is  dewpoint  temperature.  The  relative  humidity  must  be  converted  to  dewpoint  since 
LOIfTRAN  requires  a  dewpoint  to  calculate  the  water  vapor  contribution  to  the  Barnes  IR  transmission. 
Relative  humidity  can  be  defined  in  terms  of  total  air  pressure  P  (Fleagle  and  Buslr.ger,  1963), 

e(P-e  ) 

RH  *  1  e'TF-e)  1  •  100  •  <’> 

3 


where  e  is  the  ambient  vapor  pressure  and  eg  is  the  saturation  vapor  pressure  for  air  temperature  T. 

The  Clauslus-Clapeyron  equation  (equation  2.88,  on  Fleagle  and  Buslnger,  1963)  relates  the 
saturation  vapor  pressure  e3  to  temperature  for  an  ideal  gas  and  pure  water, 

de  L  dT 

3  , 


where  L  is  the  latent  heat  of  vaporization  and  Rffly  is  the  specific  gas  constant  for  water  vapor. 
Integration  of  equation  (2),  considering  the  deviation  from  a  perfect  gas  and  experimental  data,  gives  the 
Coff-Oratch  formula  for  saturation  vapor  pressure  (equation  1  on  page  350  of  the  Smithsonian 
Meteorological  Tables  (List,  1971)).  Murray  (1967)  gives  a  form  of  the  Goff-Grateh  equation  more 
convenient  for  computation, 


eg  -  7.95357242  •  1o’°  •  exp  (X  -  Y  ♦  Z)  , 


(3) 


where 


X  *  5.02808  •  In  A  -  18.1972839  •  A 
Y  -  70242.1852  exp  (-26.1205253/A) 


Z  -  58.0691913  exp  (-8.03945282  •  A) 


373.1 
273. 16  ♦  T 


Shettle  (1978b)  developed  an  analytic  expression  for  relative  humidity  in  terras  of  temperature  and 
dewpoint  by  least  squares  fit  for  equation  (1)  for  various  combinations  of  T  and  Tp  using  equation  (3)  for 
vapor  pressure  and  an  atmospheric  pressure  of  101 3mb, 

19.772  (T  -  T) 

RH  *  I  269.9  *  T  ♦  Tp  1  ‘  100  •  <!° 
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The  conversion  to  dewpoint  is: 


19.772  •  Td  ♦  In  (^g-)  •  (269.9  *  T) 

*  D  DU  •  (  5  ) 

19.772  -  In  (-^-) 

These  approximations  have  an  RMS  error  of  0.11  percent  for  -MO  <  T£  M0°C  and  0  _<  (T-TD)  <  M0°C,  and 
a  maximum  error  of  0.2  for  -35  £  T  35°C.  ~  u  — 

"he  hair  hygrometer  used  by  Ypenburg  can  give  biased  results  for  high  humidity  measurements. 
Shields  (1931)  found  that  the  highest  values  of  aerosol  IR  extinction  often  occurred  during  periods  of 
constant  high  relative  humidities.  Altnough  the  values  changed  for  each  epl.'ode  of  high  aerosol  IR 
extinction,  they  were  all  relatively  close  to  95  percent.  The  constant  high  .umldlty  readings  and  high 
values  of  aerosol  IR  extinction  suggest  that  the  hygrometer  was  saturated  and  that  the  humidities  were 
actually  close  to  100  percent.  It  should  be  noted  that  this  problem  only  appeared  in  the  preliminary 
release  of  the  OPAQUE  data  from  the  Netherlands;  the  final  version  of  their  OPAQUE  gives  the  corrected 
values  of  relative  humidity. 

The  minimum  detectable  wind  speed  for  both  the  10  and  2  meter  cup  anemometer  Is  0.8  msec”1.  There 
Is  no  effective  way  to  distinguish  between  wind  speeds  of  calm  and  1  msec*.  Therefore,  all  winds  which 
are  1  msec*’  and  calm  are  grouped  together  for  cumulative  distributions.  This  combination  is  further 
Justified  since  wind,  for  the  most  part,  Is  never  truly  calm. 

2.3  Electro-Optical  OPAQUE  Data. 

2-3.1  Attenuation  of  Electromagnetic  Propagation.  The  attenuation  or  extinction  of  radiation  Is 
given  by  the  Lambert-Beer-Bouguer  Law, 


IX  -  Ij0  exp  ( D)  ( 


(6) 


where  I.  is  the  Intensity  of  the  Incident  monochromatic  radiation,  b.  Is  the  monochromatic  volume 
attenuation/extinction  coefficient,  0  Is  the  distance  ovor  which  the  extinction  occurs,  and  I^o  Is  the 
Intensity  cf  the  monochromatic  transmitted  radiation.  The  monochromatic  transmittance  Is  given  by  ' 


(7) 


Beth  absorption  and  scattering  by  molecules  and  aerosols  (wet  and  dry)  contribute  to  the  total 
monochromatic  volume  extinction, 


b  ■  b 
1  ma,  1 


ms,  1 


aa,l 


as,  1 


(8) 


where  ma  Is  the  molecular  absorption  contribution,  ms  Is  the  molecular  scattering  contribution,  aa  Is  the 
aerosol  absorption  contribution,  and  as  Is  the  aerosol  scattering  contribution  to  the  total  extinction 
coefficient . 

Scattering  can  te  one  of  two  typss,  depending  on  the  radius  of  the  scattering  particle.  Rayleigh 
scattering  occurs  where  the  radii  of  the  scattering  particles  are  smaller  than  about  one-tenth  the 
wavelength  of  the  scattered  radiation.  Mle  scattering  covers  all  ratios  of  scattering  particle  diameters 
to  wavelengths,  but  typically  applies  to  cases  where  dlameter-to-wavelength  ratios  are  unity  or  larger 
(Huschke,  1959).  Aerosol  volume  scattering  predominates  at  shorter  wavelengths  while  molecular  absorption 
becomes  more  Important  as  the  wavelength  Increases.  Table  3  shows  the  relative  Importance  or  each 
attenuating  process  for  selected  wavelengths. 
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TABLE  3.  Significant  Ataoepherlc  Gaseous  Absorbers  (Water  Vapor,  H20;  Carbon  Dioxide,  C02j 
Oxygen,  02t  and  Ozone ,  Oj)  at  Visible  and  Infrared  Wavelengths  (after  Cottrell  et  al.,  1979). 


WAVELENGTH  INTERVAL  (microns) 


ABSORBER 


1.319 

-  1.498 

1.38 

1.762 

-  1.977 

1 .80 

2.520 

-  2.845 

2.70 

2.904 

-  3.571 

3.20 

4.100 

-  4. 45 

1.30 

4.876 

-  8.699 

6.30 

9.400 

10.591 

-  9.9 

9.60 

12.900 

-  17.1 

14.70 

18.000 

-  20.0 

The  size  parameter  x  can  be  used  to  define  the  type  of  scattering  that  will  occur  , 


Rayleigh  scattering  occurs  when  y  is  much  less  than  one,  while  Hie  scattering  occurs  when  the  size 
parameter  is  the  order  of  one.  Typically,  aerosol  particles  such  as  dust,  haze,  and  smoke  have  radii  10”’ 


to  10  cm,  which  yields  a  size  parameter  in  the  range  of  one  to  ten.  ‘therefore^  aerosol  scattering  is  of 
the  Mle  type.  Molecules  in  the  atmosphere  have  a  size  range  of  10”'  to  10”8  cm,  whloh  gives  a  size 
parameter  x  of  the  order  of  10“’.  Since  this  la  considerably  less  than  1,  moleoular  scattering  is  of  the 
Raleigh  type. 


2.3.2  Vlnuel  Transmittance.  The  extinction  b  was  measured  by  two  methods:  the  percent 

transmission  of  radiation  from  a  source  to  a  detector  (transmlssometer )  and  from  the  amount  of  light 
scattered  out  of  a  light  beam  into  a  given  angular  cone  (point  visibility  meter).  For  the  OPAQUE  project, 
extinction  refers  to  the  transmlssometer  measurements  and  scattering  or  attenuation  to  measurementa  from 
the  point  visibility  meter.  The  effective  path  length  for  the  Ypenburg  transmlssometer  is  1000  m.  The 
reported  extinction  values  were  converted  to  a  500m  path  length  during  data  reduction  to  be  compatible 
with  ths  Barnes  transmittance  path  length  (sea  equation  12).  Table  1  gives  additional  information  on  the 
two  measurement  procedures. 

For  the  vlaual  speotrum,  or  more  specifically  the 
photoplc  band  in  which  the  human  eye  is  sensitive  in  daytime 

(.31  *  .78  microns),  molecular  absorption  is  negligible  ( 0 _  _ . _ _ 

(Cottrell  et  al.,  1979).  The  primary  source  of  extlnotton  is  /'S. 

from  aerosol  scattering.  The  EO/Met  simulator  uses  the  visual  /  \ 

extinction  since  the  Eltro  tranamlseometer  measurements  are  /  \ 

along  the  same  baseline  aa  the  Barnes  infrared  transmission  .  /  \ 

measurements.  u,  /  \ 

tv>  /  \ 

mi  \ 

2.3*3  Infrared  Trangaitttswoe.  The  Barnes  SI  \ 

transmlssometer  measures  transmittance  over  a  500m  path  length  t2  /  \ 

(along  „ie  same  path  aa  the  Eltro  transrolasometer  for  visual  *  5  -  /  \ 

extlnctl  .’)  for  four  spectral  bands:  3. 1-5.0  pm,  8-12  pm,  »  /  \ 

8.25-13-2  pm,  and  a  narrow  band  around  4  pm.  The  bands  have  a  ^  I  \ 

minimum  of  molecular  absorption.  The  transmlssometer  measures  i  I 

transmittance  for  the  four  spectral  bands  with  a  rotating  *  _  I  \ 

filter  wheel  at  the  receiver.  Fenn  et  al.  (1979)  give  a  /  \ 

description  of  and  calibration  procedures  for  the  Barnes  /  \ 

Transmlssomettr.  Tne  measurement  period  for  the  four  I  \ 

measurements  is  4  minutes  at  Ypenburg  to  10  minutes  it  0  _/ _ , _ ,  ,  \ 

Christchurch.  The  filter  changes  position  to  a  new  spectral  3  4  5 

band  once  each  minute.  Since  measurements  for  the  two  WAVELENGTH  [MICRONS] 

lnfnred  spectral  bands  are  from  the  same  Instrument,  the 
observations  are  no  longer  independent  of  each  other.  The 

errors  of  observation  from  each  measurement  may  new  be 

correlated  and  can  have  a  significant  effect  on  cross  figure  2.  Relative  Spectral  Response 

cor r elat ions .  of  ths  Bernes  Trenail sscootw  Beoelver 


Figures  2  and  3  show  the  relative  spectral  response  of 
the  Barnes  transmlssoraet  receiver  for  the  3. 1-5.0  and  8-12 
micron  filters  (Janssen  and  van  Sohie,  respectively,  1981). 


figure  2.  Relative  Spectral  Reeponne 
of  ths  Barnes  Trsnaeiseaseter  Receiver 
for  the  3,1— 5.0  Micron  filter  (after 
Janssen  and  van  Schie,  1981 ). 


Tne  500m  path  length  emphasizes  high  hualdity  and  low 
visibility  oondltlona.  Table  3  shows  the  relative 
Importance  of  absorption  by  water  vapor  (H,0).  carbon 
dioxide  (C02),  oxygen  (02) ,  and  ozone  (0,f  from  1  to 
20  microns  (Cottrell  et  al ,  1979).  Molecular 

abeorptlon  Increases  in  Importance  as  the  wavelength 
of  the  radiation  Increases.  Except  for  a  few  bands, 
moleoular  absorption  is  so  strong  that  radiation 
undergoes  substantial  attenuation,  for  a  few  seieoted 
bands,  transmission  becomes  a  function  of  the 
concentration  of  the  above  molecules  rather  than  the 
total  attenuation  that  normally  occurs.  With  the 
reduced  molecular  absorption,  aerosol  scattering  and 
absorption  can  beocoe  important  contributors. 

2.4  Equivalent  Aerosol  Infrared  Extinct  1  on. 

2.9.1  Aeroeol  Transmission.  Table  9  shows 
the  relative  Importance  of  the  four  extinction 
processes  over  selected  spectral  Intervals.  For  the 
visual  spectral  band  (0.9  -  0.79  pm),  scattering  of 
radiation  by  aerosols  is  by  far  the  largest 
contributor  to  extinction  changes.  Aerosol  absorption 
can  beoome  Important  as  wet  haze  changes  Into  fog  and 
mist.  Molecular  scattering  by  water  vapor  gives  a 
small  contribution  for  very  high  (>_  951)  relative 
humidities.  The  entire  reported  extinction 

coefficient  can  therefore  be  treated  as  aerosol 
extinction  coefficients. 


TAB  Li  9.  Relative  Importance  of  Ranh  Attenuating  Prooess  for 
Selected  Wavelengths  (after  Cottrell  et  al.,  1979). 

IMPORTANT  VOLUME  ABSORPTION 
AND  SCATTERING  COEFFICIENTS 
(in  order  of  Importance) 

nlba8,l  bme,X  baa,A 
baa,A  baa,X  bma,A 
bma,A  bas,X  baa,X  bms,X 
bma,X  baa,X  baaX> 

Molecular  absorption,  aerosol  absorption,  and  aerosol  scattering  all  contribute  to  Infrared 
extlnotton.  Molecular  aoatterlng  plays  a  relatively  minor  role  In  infrared  extinction.  Like  the  vlaual 
tranamlttanoe,  aeroeol  size  and  concentration  greatly  Influenoe  changes  in  tne  Infrared  transmittance. 
Unlike  the  vlaual  extinction,  which  Is  affected  by  the  sub-micron  region  of  the  particle  size 
distribution,  Infrared  transmittance  la  mostly  lnfluenoed  by  the  larger  aerosols.  For  a  given  aerosol 
size  distribution  during  a  haze  event,  vlalble  light  tranamlttanoe  will  ba  lower  than  Infrared 
transmittance.  However,  in  fog  and  mist  where  there  la  a  larger  number  of  droplets  whose  size  Is  about 
equal  to  the  wavelength,  the  Infrared  transmittance  may  be  equal  to  or  leas  than  the  visual 
tranamlttanoe.  To  allow  a  direct  oomparlaon  with  the  vlaual  aeroaol  extinction,  the  total  IR  transmission 
can  be  separated  Into  the  transmission  due  to  aerosols,  water  vapor,  and  moleoulea. 

2.9.2  Aeroaol  Extinction  Coefficients.  A  more  general  form  for  the  tranamlttanoe  given  In 
equation  (7)  la  (Fleagle  and  Bualnger,  1 965) ,  _ 

1.  (x  ) 

t,<6>  -  -J — ”  .  (10) 
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Figure  3.  Relative  Spectral  Response 
of  the  Barnes  Tranamlssoeeter  Receiver 
for  the  876-'-T2.6  Hloron  Filter  (after 
Janssen  and  van  Schla,  19&1). 


where  lj(xQ)  and  >xc  are  the  radiances  at  path  lengths  xQ  and  0  respectively  and  tx(R)  is  the  range 
dependent  transmittance.  Equation  (10)  is  valid  for  monochromatic  radiation  only.  The  broadband  sensors 
of  the  Barnes  transmlssoraeter  produce  an  average  weighted  transmittance  (Shettle,  1978a), 


^1  T1  W1,T  R1  dA 
h  WX,T  RX  dX 


(ID 


where  W.  is  the  radiance  of  the  source  (A  650°C  blackbody  for  the  Barnes  transml ssometer )  and  Is  the 
spectral  ’  response  of  the  sensor  (figures  2  and  3).  The  equivalent  extinction  coefficient  for  broadband 
transmitted  radiation  Is  defined  by: 


B 


In  t 
D 


(12) 


uhere  B  Is  the  weighted  average  extinction  and  D  Is  the  path  length. 

The  total  transmittance  can  be  represented  as  the  product  of  the  average  transralttances  for  the 
various  atmospheric  constituents: 


tH  o  (T'V 


WT), 


03) 


where  taer ,  tH  0,  and  tmC)^  are  the  average  transmlttances  for  aerosols  (both  wet  and  dry),  water  vapor, 
and  other  molecular  components  and  T,  TD  are  temperature  and  dewpoint  respectively.  Each  transmittance 
can  be  calculated  from  an  equation  analogous  to  equation  (11).  Each  transmittance  Includes  both 
scattering  and  absorption,  although  a  particular  process  may  be  relatively  unimportant  for  specific 
spectral  regions.  Equation  0  3)  is  val'ld  for  monochromatic  radiation  only.  Application  to  the  Infrared 
windows  results  In  total  transmittance  errors  that  are  usually  less  than  one  percent,  which  Is  better  than 
the  Barnes  transmission  measurement  (Shettle,,  1978a). 


2.*l.3  An  Aerosol  Extinction  Model.  Following  equation  03), 
transmittance  Is: 


_  meas 

a6r  tH20(T’V  '  Tmol^ 


the  weighted  average  aerosol 


I 
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where  x  afl  la  the  Barnes  transmission  observation.  The  calculations  for  xH  0  and  xm0,  are  based  on  the 
LOWTRAN  5  average  broadband  transmlttances'.  Shettle  (1978a)  presents  the2  partly  theoretical,  par  tly 
empirical,  equations  for  water  vapor  and  molecular  transmlttances, 


0(TaTj>)  •  1  -  (Cl  ♦  C2)  •  exp  [ (D1  ♦  02  •  T)  Tp]  , 

WT)  • E  *  . 


05) 


where  equation  (5)  provides  the  dewpoint  input.  Cl,  C2,  Dl,  D2,  and  F  are  fitted  constants  which  depend 
on  the  transmls3ometer  and  the  transmission  range.  Table  5  gives  the  fitted  values  for  each  OPAQUE 
location  using  a  r>00m  path  length. 


TABUS  5.  Constanta  for  Moleoular  and  Water  Vapor  Transmittance  (after  S  nettle,  1978a) 


3.*  - 

5.0  MICRONS 

8  - 

12  MICRONS 

CONSTANT 

YPENBURG 

CHRISTCHURCH 

YPENBURG 

CHRISTCHURCH 

Cl 

6.536-2 

4.844E-2 

5.553E-2 

~  6.73*lE-2 

C2 

-2.658E-4 

-2.228E-4 

-2.796E-4 

-3.024E-4 

D1 

4.751 £-2 

5.127E-2 

6.661E-2 

6.075E-2 

D2 

-3.913E-4 

-4.114E-4 

2.044E-5 

2.107E-5 

E 

0.8661 

0.8629 

0.9919 

0.9857 

F 

1.40  E-4 

1.32  E-4 

3.8  E-5 

4.0  E-5 

AVERAGE  ERROR 

0.004 

0.003 

0.007 

0.007 

HAXIMUM  ERROR 

0.008 

0.006 

0.022 

0.025 

The  wavelength  dependence  la  slow  enough  for  a.i-osols  ao  that  Beers  Law  (equation  6)  holds  for 
relatively  wide  spectral-  regions.  The  average  weighted  aerosol  extinction  for  a  .5  km  path  length  follows 
from  equation  (12) , 


B 


aer 


-In  t 


(17) 


All  measurements  are  subject  to  rari  lom  error  of  observation  (see  Paragraph  5.3.1  for  a  complete 
discussion).  Shields  (1981)  found  that  most  of  the  measurement  uncertainty  from  random  error  of 
observation  was  due  to  the  two  percent  possible  error  In  the  total  transmittance  measurement.  Shields 
gives  an  estimate  for  the  aerosol  Infrared  extinction  error  range  as 


-  in  [exp  (-  .5(Baer  ♦  Bmol  ^  „  0  )]  *  -02] 


aer 


-  B 


mol 


h2o' 


(18) 


Tabic  6  shows  tho  aerosol  extinctions  resulting  free  a  i  2  percent  change  .  .  the  total 

transmittance.  When  the  aerosol  IR  extinction  Is  low,  measurement  uncertainty  causes  most  of  the 

variation.  As  the  extinction  values  approach  1  km  ,  more  of  the  changes  in  extinction  cai  9  attributed 
to  other  causes. 


TABLJB  6.  Aerosol  Extinction  Uncertainty  far  _♦  Zl  Uncertainty  In  Total  Tranaalsslon 
(after  Shields,  1981). 


AEROSOL  EXTINCTION 

3-5 

MICRONS 

8- 

12  MICRONS 

T 

t  ♦  .02 

t  -  .02 

v  ♦  .02 

T  -  .02 

.01 

-.04 

~  .06 

-.04 

.06 

.05 

.00 

.10 

.00 

.10 

.10 

.05 

.15 

.05 

.15 

.50 

.43 

.57 

.44 

.56 

1 .00 

.92 

1.09 

.93 

1  .08 

5.00 

4.46 

5.75 

4.51 

5.65 

10.00 

6.86 

«P 

7.05 

Error  in  relative  humidity  measurements,  where  the  hair  hygrometer  has  a  five  percent  error,  has 
only  a  small  effect  on  low  extinction  values  and  does  not  significantly  affect  high  extinctions  (Shields, 
1981).  The  molecular  and  water  vapor  extinctions  are  functions  of  temperature  and  relative  humidity.  An 
uncertainty  of  one  percent  In  temperature  gives  an  uncertainty  of  .007  km  1  and  .014  km-1  In  the  final 
Infrared  aerosol  extinctions  for  the  3. 4-5.0  and  8-12  micron  bands,  respectively.  An  uncertainty  of  ten 
percent  In  relative  humidity  yields  an  uncertainty  of  .018  km  '  and  .03  km-'  for  the  two  bands. 


CHAPTER  3 

BASIC  TECHNIQUES  IN  ENVIRONMENTAL  SIMULATION 

3*1  General .  USAFETAC/TN-82/OOil,  Baalc  Techniques  In  Environmental  Simulation,  oontalns  a  complete 
description  of  USAFETAC's  capabilities  In  the  environmental  simulation  arena.  Because  the  development  of 
the  eleotro-optlcs/meteorology  (EO/Met)  simulator  uses  so  many  of  these  concepts,  discussion  of  the  basic 
simulation  models  has  been  oondensed  from  USAFETAC/TN-82/00M  and  Is  Included  in  this  ohapter.  For  a  more 
detailed  discussion  of  the  statistical  background,  see  USAFETAC/TN-82/001),  Chapter  2.  The  EO/Met 
simulator  uses  the  USAFETAC  Multi /arlate  Triangular  Matrix  (MULTRI)  model  to  produce  a  simulated  time 
series  of  an  EO/Met  variable  or  variables  at  a  single  location.  Therefore,  the  discussion  of  the  basic 
single  variable,  single  station  model  and  the  MULTRI  model  are  Included  in  their  entirety. 

I 

3.2  Baalo  Concepts. 

3.2.1  Probability  Distributions.  Densities,  and  Distribution  Piaiotlons.  A  random  variable  oan  be 
elthor  discrete  or  continuous.  The  EO/Met  variables  wltnln  the  OPAQUE  data  base  can  be  treated  as 
continuous  real  random  variables  over  a  defined,  closed  Interval.  Therefore,  only  continuous  random 
variables  will  be  discussed  In  association  with  the  EO/Met  variables.  If  X(S)  Is  a  random  variable  on  a 
sample  space  S  with  a  continuous  Image  set,  i.e.,  the  Image  set  X(S)  is  a  continuum  of  numbers  ovsr  the 
Interval  set  (a  £  X  £  b } ,  the  probability  of  the  closed  Interval  of  X  can  therefore  be  represented  as: 


Pr  (a  <  X  <  b)  -  Pr  (|s  e  S:  a  <  X(s)  <  b|).  (19) 

For  a  piecewise  continuous  function  fx,  the  probability  Pr  (a  £  X  £  b)  is  equal  to  the  area  under 
the  graph  fx  between  x  •  a  and  x  •  b, 


Pr  (a  <  X  <  b)  -  fx  (x)dx  ,  (20) 

where  X  Is  the  random  variable  and  x  is  a  dummy  variable.  The  function  fx  Is  the  probability  density 
funotlon  (PDF)  of  X.  The  PDF  fx  satisfies  the  conditions  that  (1)  f  Is  non-negative  and  (2)  the  total 
area  under  the  graph  is  unity, 

fR  fx  (x)  dx  -  1  .  (21) 


The  cumulative  distribution  function  (CDF)  Fx  of  the  continuous  random  variable  X  Is  defined  as  the 
probability  that  X  will  take  on  some  value  less  than  or  equal  to  a  threshold  value  X, 

Fx  (x)  -  Pr  (X  <  x)  •  f(t)  dx,  (22) 

where  t  Is  a  dummy  variable.  The  CDF  satisfies  the  conditions  that: 

(1)  Fx  (x)  is  monotonlcally  increasing, 

Fx(a)  <  Fx(b)  for  a  <  b,  and  (23) 

(2)  the  lower  limit  of  Fx  Is  zero, 

11m  F  (x)  -  0,  and  (2H) 

x  ■*-«* 

(3)  the  upper  limit  of  Fx  is  unity. 

11m  Fx(x)  -  1. 


1 1 


(25) 


The  PDF  fy  of  a  continuous  random  variable  X  Is  a  derivation  of  the  CDF  F^, 


fx(x)  -  dFx/dx  >  0. 


Probability  and  cumulative  probability  are  related  by: 


Pr  (a  <  X  <  b)  -  Pr  Ot  <  b)  -  Pr  (X  <  a) 


f(t)tdt  -  f*m  f(t)dt 


Fx  (b)  -  Fx  (a)  . 


The  probability  that  a  continuous  random  variable  X  takes  on  a  single  specified  value  d  is  zero, 


Pr (X  -  d)  -  Jd  f(t)  -  F  (d)  -  F  (d)  -  0. 


For  two  events  A  and  B  that  occur  simultaneously,  a  Joint  probability  of  the  Joint  event  can  be 
described  as  Pr  (A  B).  Let  X  and  Y  be  continuous  random  variables  whose  Joint  PDF  Is  f^y  and  CDF  Is  F^y 
(x,y).  The  two  are  related  by: 


fyy  (x,  y) 


3x3y  F  XY(x,y) 


and  the  Joint  CDF  is 


F  (x.y)  -  Pr  (X  <  x  and  Y  <  y)  -  (s.t)  ds  dt . 


If  only  the  behavior  of  one  of  the  variables,  say  X,  Is  required,  then  the  PDF  of  X  can  be  found  by 
integrating  the  Joint  PDF  over  all  values  of  Y: 


fx  -  fXY  (X>3)  d3’ 


The  probability  distribution  of  one  variable,  regardless  of  the  value  of  \e  other  variables  Is  the 
marginal  probability  distribution.  The  cumulative  marginal  distribution  becomes: 


Fx  (x)  -  Fxx  (x,«)  -  Pr  (X  <  x  and  Y  <  •) 


-  Pr  (X  <  x) 


-  /!.  fyy  (s.t)  ds  dt 


fv  (s)  ds- 


3.2.2  Stochastic  and  Markov  Proceaac--  The  stochastic,  or  random,  process  Is  the  heart  of 
environmental  simulation  modeling.  The  process  Is  a  succession  of  values  taken  on  by  a  random  variable 
X ( t )  as  a  function  of  the  parameter  t.  The  parameter  t  Is  drawn  from  the  set  T,  called  the  Index  set  of 
the  process.  Random  processes  are  controlled  by  probabilistic  laws.  in  many  applications,  the  index 
parameter  t  of  the  stochastic  process  represents  time  but  can  also  be  used  as  some  sort  of  event  sequence 
number.  A  time  series  Is  a  finite  realization  of  a  stochastic  process  where  the  index  parameter  t 
represents  time.  A  time  series  can  be  produced  either  in  the  form  of  output  from  a  model  or  in  the  form 


»  w  r\j»i 


of  experimental  data.  A  time  aeries,  In  other  words,  Is  a  sequence  of  values  of  a  random  variable 
collected  over  discrete  or  continuous  time. 

In  a  stochastic  process  model,  a  random  variable  qt  can  be  formed  as  the  sum: 


♦  e. 


(33) 


of  a  deterministic  part  dt  and  a  random  or  stochastic  part  et.  Typically,  the  deterministic  part  contains 
the  contribution  of  preceding  values  qt_1t  qt_2.  et0>*  ln  the  series  but  may  also  have  terms  3uch  as  q 
representing  the  mean  value  or  q  representing  a  secular  or  long-term  trend  In  values.  The  random  part  et 
of  the  solution  introduces  noise  or  uncertainty  Into  the  process  being  modeled;  otherwise,  the  process 
would  not  be  random  at  all.  As  shown  in  equation  (33),  there  is  no  restriction  on  the  form  of  et,  but  in 
practice  it  tends  to  be  either  (1)  a  number  drawn  at  random  from  a  population  distributed  uniformly  over 
the  Interval  [0,1]  with  mean  of  1/2  and  variance  of  1/12,  or  (2)  a  number  drawn  at  random  from  a 
population  distributed  normally  over  the  interval  (-»,  •)  with  mean  of  zero  and  variance  of  1;  l.e., 

N( 0 , 1 ) .  That  Is  to  say,  et  Is  either  a  uniform  random  number  or  a  normal  random  number. 

If  the  stochastic  process  shown  In  equation  (33)  above  is  further  assumed  to  be  covariance- 
stationary,  then  neither  the  mean(s)  nor  the  varlance(s)  of  the  quantity ( les)  being  simulated  are 
dependent  on  the  index  parameter  t  (l.e.,  they  do  not  change  with  time  if  t  represents  time),  and  the 
covariance  between  two  successive  values,  q  and  qfc  ;  l.e,,  Cov( qt  ,q.^t )  becomes  a  function 

only  of  the  separation  At  between  the  two,  and  does  not  depend  on  the  absolute  “values  of  the  index 
parameter  t.  Also,  the  correlation  p  between  successive  values  of  q  becomes  dependent  only  on  the 
separation  At;  l.e., 


pt,t*At  "  PAt 


C0V(W 


/0t  CfAt 


(3*0 


'because  o 


t 


°t*At  >• 


Applying  the  covariance-stationary  assumption  to  the  process  of  equation  (33)  leads  to  the  linear 
autoregressive  { AR )  relation, 


q't  -  6q  ♦  e  1  qfc_  1  ♦  62qt_2  ♦ 


BmVm  +  ct 


(35) 


where  the  8j  are  the  autoregression  coefficients,  and  the  et  is  an  independent  error  term.  In  this 
formulation,  the  deterministic  part  of  the  oolutlon  depends  on  the  lag-one  value  qt+^ ,  the  lag-two  value 
qt_2-  etc.,  and  the  random  part  of  the  solution  is  now  an  Independent  error  term  with  mean  of  zero. 

The  AR  process  (equation  35)  can  be  further  restricted  by  applying  the  first-order  Markovian 
assumption  that  the  value  qt  of  the  process  at  t  depends  only  on  the  previous  value  qt_i-  Then  the  model 
becomes : 


qt  '  Bo  *  B‘Vl  +  Ct  .  (36) 

an  autoregressive  (AR),  first  order  Markov  model.  For  such  models,  the  serial  correlation  p  (the 
correlation  In  the  t-dlmenslon)  follows  an  exponential  decay  law  (see  Appendix  A): 


P 


At 


(37) 


where  p,  is  the  serial  correlation  for  lag  At  -  1 .  Equation  (37)  shows  that  for  a  Markov  model, 
realizations  spaced  At  units  apart  will  have  correlation 


P 


At. 
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j.n  order  to  estimate  the  parameters  6 fJ  and  B,  and  to  speoify  the  form  of  the  error  term  et,  qt  and 
qt_1  that  are  assumed  to  be  derived  Jointly  from  a  bivariate  normal  population  with  means : 


-t-1 


(38) 


and  varlanoesi 


't-i 


t  _ 


(39) 


This 
variance) . 


causes  the  regression  funotlon  of  qt  on  qt-1  to  be  linear  and  hooosoedastlo  (of  constant 
The  conditional  expectation  of  qt  given  qt_,  1st 


where  p  la  the  correlation  between 


E(“tK-i)  ‘ w  *  p(qt-i  -  p) . 
qt  and  qt-1  and  the  varlanoe  Is: 

Var(qt|qt_,)  -  o’O  -  p*)  , 


(HO) 


(HI) 


which  Is  independent  of  qt_i* 

As  shown  in  almost  any  elementary  statlstlos  text,  the  standard  normal  variable  (equivalent  normal 
deviate)  corresponding  to  the  normally  distributed  raw  variable  w  with  mean  (expected  value)  uM  and 
standard  deviation  ow  Is 


2 


w 


Therefore,  the  value  of  the  raw  variable  w  oan  be  oaloulated  from 


(*»a> 


w  -  »w  ♦  Vw  ’  (l43) 

Using  q(.|qt~i  for  w  In  equation  ( U  3 ) ,  and  substituting  from  equation  (HO)  for  uH  and  equation  (HI)  for  oM 
yields 

qt  -  u  ♦  p  (dt_1  -  w)  ♦  0  /T-p1  ,  (HH) 

where  Is  a  random  normal  number.  Comparing  equation  (HH)  with  (36)  shows  that: 

Bo  ■  u(1  -  p)  and  Bi  •  P  (H5) 

et  "  0  ^ 1  "  P2  zq  •  (H6) 

Equation  (HH)  oan  be  rearranged  and  transformed  Into  mean-deviation  form  using: 


V)  '  V)  "  “(•)  • 

with  the  result: 
v t  -  pvfc-1  +  0  /l  -  p2  n 

where  n,  like  is  simply  a  random  normal  number. 


(H7) 


(H8) 


1  H 


Equations  (33),  (35).  and  (36),  (*»10,  and  (H0)  present  a  spectrum  of  Increasingly  more  spoolflc  and 
more  restrictive  stochastic  process  models.  Equation  (33)  'is  a  very  general  form  that  can  be  used  to  I 

describe  almost  any  stochastic  process  model.  Equation  (35)  represents  a  covariance-stationary,  linear  j 

autoregressive  (AR)  process.  Finally,  equations  (36),  W),  and  (H8)  further  require  the  first-order  j 

Markov  assumption  he  made  and  normally  distributed  according  to  the  bivariate  normal  probability  j 

distribution. 


Equation  (1)8)  is  the  Ornsteln-Uhlenbeck  stochastic  process  model  that  forms  the  basis  for  much  of 
the  present  work  in  environmental  simulation  modeling.  It  Is  a  first-order  Markov  process  In  which  the 
probability  that  a  physical  cystem  will  be  In  state  x,  at  time  t,  may  be  deduced  strictly  from  knowledge 
of  the  system's  state  Xq  at  time  t0  and  does  not  depend  on  the  history  of  the  system  before  tQ. 

When  applying  Markov  models  to  data,  one  must  estimate  the  order  of  the  Markov  model  that  best  fits 
the  data.  Whlton  and  Berecek  (1982)  show  that  wind  speed,  which  roughly  has  an  exponential  decay  of 
autocorrelation  rk  as  a  function  of  lag  k,  compiles  with  the  restrictions  of  the  AR(1)  first  order  Markov 
model.  It  Is  a  common  and  usually  Justifiable  assumption  to  treat  other  weather  variables  as  a  first- 
order  Markov  process.  Since  the  electro-optical  variables  are  a  function  of  the  meteorological  variables, 
It  is  also  equally  Justifiable  to  treat  them  as  a  first-order  Markov  process. 


3.3  Slnitle-varlable.Slngle-atatlon  Model  (V1S1).  USAFETAC’s  basic  environmental  simulation  model 
is  an  Ornsteln-Uhlenbeck  stochastic  process.  This  single-variable  model  Is  an  autoregressive  (AR),  first- 
order  Markov  process  In  which  each  value  of  a  random  variable  Xt  is  taken  to  be  a  particular  value  of  a 
stationary  stochastic  process.  The  Ornsteln-Uhlenbeck  process  is  well  based  In  the  statistical  literature 
and  can  be  applied  with  substantial  Justification  to  variables  whose  time  series  have  a  random  component 
and  approximately  adhere  to  the  first-order  Markov  restriction. 


The  generation  of  a  time  series  of  a  single  meteorological  variable  would  be  quite  simple  If  each 
value  In  the  time  sequence  were  Independent  of  all  others  In  the  sequence.  In  general,  this  is  not  the 
case.  Whether  successive  meteorological  observations  are  Independent  depends  on  the  time  separation 
between  them.  The  common  separation  between  surface  meteorological  observations  Is  1,  3,  or  6  hours.  At 
these  separations,  successive  observations  of  most  meteorological  variables  are  not  serially 
independent.  A  goal  of  a  simulation  model  should  therefore  be  to  reproduce  this  serial  dependence  between 
successive  values  of  the  particular  meteorological  variable  being  simulated,  as  well  as  to  reproduce  Its 
probability  distribution. 


Assume  that  the  variable  to  be  simulated  is  normally  distributed.  If  the  variate  is  not  normally 
distributed,  then  It  can  be  transformed  to  the  normal  distribution  by  expressing  the  values  of  the  raw 
variable  In  terms  of  Its  equivalent  normal  deviate  (END).  (Transformation  of  variables  to  the  normal 
distribution  is  covered  In  detail  In  Boehm  (1976)  and  is  summarized  In  Section  3.1*).  The  Joint  jiormal 
density  function  of  two  weather  variables  Xt  and  Xt  +  ^  at  times  t  and  t»1  with  mean  u,  variance  o  ,  and 
serial  corrol&tion  p  between  successive  values  Is 


f  (  »  V  }  • 

XtXt-1  1  t+1 


1  !xt-p)2-2p(xt-u)(xtt1-u)  ♦  (xttl-u)2 

t - r-p  exp  [ - j - 1 - J 

( 1  -p  )  *  2o  (1-p  ) 


2xo  (1-p  ) 


(D9) 


1 


The  Joint  normal  probability  of  two  random  variables  with  the  same  mean  and  variance  depends  only  on 
p,  o2,  and  their  correlation  p.  The  generation  of  a  time  series  of  observations  then  requires  the 
conditional  distribution  of  the  weather  variable  at  one  time  given  the  value  of  the  variable  In  previous 
hours.  If  the  weather  process  approximates  a  first-order  Markov  process,  then  the  value  of  the  variable 
at  time  t  summarizes  the  dependence  of  the  distribution  of  the  variable  for  all  previous  hours.  If 
successive  observations  of  this  arbltary  weather  variable  have  a  multivariate  normal  distribution,  then 
the  conditional  distribution  of  is  normal  with  mean  and  variance  equal  to 


I  E[Xfl  lXt'xt]  ‘  w  *  p(V  p)  (50) 

i  ,  - 

f  var[xt+1  lxt  ■  V  '  0  (1  "  9  ‘  ’  (51) 

4 

Ll->  where  xt  Is  the  value  of  Xt  at  hour  t.  From  equation  (51 ),  the  larger  the  absolute  value  of  the  serial 
—  I  correlation  p  between  the  values  of  the  variable,  the  smaller  the  conditional  variance  of  Xt<1,  which  does 
raR?  not  depend  at  all  on  the  value  of  xfc. 
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A  time  series  of  synthetlo,  normally  distributed  variables  with  mean  u ,  varianoe  a  ,  and  serial 
correlation  p  is  produced  by  the  equation, 

Xt+,-  u  ♦  p(Xt  -  u)  -  o  /  1-p2  nt  ,  (52) 

when  nt  is  a  standard  normal  random  number,  l.e.,  a  number  drawn  at  random  from  a  population  with  a  mean 
of  zero  and  a  variance  of  unity,  abbreviated  as  N(0,1).  Each  n^  Is  totally  independent  of  past  values  of 

n  as  well  as  past  values  of  X.  If  the  variable  being  simulated  is  expressed  as  an  END  (which  Itself  is 

distributed  N(0,1>),  then  equation  (52)  simplifies  to: 

Vi  "  pXt  +  nt  ,  (53) 

(a)  (b) 

which  is  an  Ornsteln-Uhlenbeck  stochastic  process  In  two  parts,  a  deterministic  part  (a)  and  a  random  or 

stochastic  part  (b)  expressing  the  uncertainty  in  the  random  process.  *t+l  w1^  have  a  normal 

distribution  If  both  xt  and  n.  are  normally  distributed  because  the  central  limit  theorem  states  the  sums 
of  independent,  normally  distributed  random  variables  are  normally  distributed. 

In  the  case  of  independence  between  successive  X  values  (p  *  0),  the  deterministic  part  (a)  Is  0  and 

the  stochastic  part  (b)  is  1,  so  successive  values  of  X  are  fully  random.  In  the  case  of  complete 

positive  dependence  between  successive  values  of  X  (p  -  1),  the  deterministic  part  Is  fully  in  control, 
and  each  succeeding  value  of  X  is  identical  to  the  previous  value  of  X. 

Whlton  and  Berecek  show  that  the  model  defined  by  equation  (52)  reproduces  distributions  with  the 
correct  conditional  mean  and  variance  defined  by  equations  (50)  and  (51).  The  conditional  mean  of  Xfc+1 
does  not  depend  on  the  assumption  that  the  random  variables  Xt  and  nt  are  normally  distributed.  This 
relationship  applies  to  all  autoregressive  Markov  processes  in  the  form  or  equation  (52),  regardless  of 

the  distributions  of  Xt  and  nfc.  However,  if  the  variable  Xfc  at  time  t  Is  normally  distributed  with  mean  u 

and  varianoe  and  if  the  nt  values  are  Independently  normally  distributed  with  a  mean  of  0  and  variance 
of  1,  then  the  generated  X's  ror  t  >  1  will  also  be  normally  distributed  with  mean  u  and  variance  o  . 

3.*  Trane  format  Ion  to  the  Wor»al  Distribution.  In  order  to  apply  equation  (53)  to  a  weather 
variable  that  is  not  normally  distributed,  one  must  first  transform  the  non-normal  variable  to  its 
equivalent  normal  deviate  (END)  e.  The  transformation  to  the  normal  distribution  is  referred  to  as 
transnormallzation.  The  probability  density  function  of  the  standard  normal  distribution  is  given  by 

#(u)  -  — - —  exp(-u  /2).  (51*) 

/s 


The  cumulative  probability  that  the  random  variable  X  is  less  than  some  threshold  Xj,  whose  END  is 
E,  Is  the  Integral  of  the  standard  normal  density  function  from  -•  to  E  , 

♦  (xT)  -  Pr  lx  <  xt>  -  ♦(u)  du.  (55) 

The  probability  Pr  (X  £  x-j.)  is  thus  actually  the  area  under  the  standard  normal  curve  from  -•  to 
E.  Figure  4  snows  the  shaded  area  for  an  Integration  of  the  normal  probability  distribution  from  -•  to  E, 
which  yields  a  cumulative  probability  of  0.351 .  This  integral  cannot  be  determined  analytically.  In 
practice,  one  uses  a  polynomial  approximation  to  the  integral  of  the  standard  normal  distribution. 
Although  tables  of  integrals  of  the  normal  probability  distribution  can  be  used,  rational  approximation 
works  better  on  a  computer. 

Figure  5  depicts  the  empirically  determined  cumulative  frequency  distribution  Pr  (V  £  vT)  of  the 
visual  extinction  at  Ypenburg  for  October  at  OkOO  MST,  where  V  represents  the  extinction  per  km  and  v~  is 
some  threshold  val  je  of  the  extinction.  For  an  extinction  of  vT  -  ,U5  km  ”  the  probability  that  Pr  (V  £ 
vT)  is  0.351.  A  probability  of  0.351  corresponds  to  an  END  of  0.381.  Because  the  observations  of 
extinction  are  limited  In  number,  It  Is  better  to  say  that  a  . **5  km-  extinction  corresponds  to  an  END  of 
-0.351.  Table  7  gives  sample  values  of  visual  extinction  and  the  correspond! ng  values  of  cumulative 
probabilities  and  ENDS. 
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Using  tha  normal  transformation,  every  extinction  corresponds  to  an  END  of  that  extinction.  Since 
ENDs  are  In  themselves  normally  distributed  with  a  mean  of  zero  and  variance  of  one,  they  can  be  used  as 
random  variables  In  the  Ornsteln-Uhlenbeck  process  represented  by  equation  (53).  Such  a  process  for 
extinction  (not  normally  distributed  In  general)  Is 


where  v  values  are  ENDs  of  the  visual  extinction. 

To  see  how  such  a  simulation  might  work  In  practice,  consider  a  case  with  an  Initial  visual 
extinction  of  .51  km'  (which  corresponds  to  a  meteorological  visual  range  of  7.57  km  using  Koschraleder' s 
constant  of  3.912).  The  corresponding  END  is  -0.279.  Assume  a  correlation  according  to  Grlngorten's 
model , 

Pvv  *  0.995At  (57) 

where  At  Is  the  time  step  (unity  In  this  case).  Applying  the  Ornsteln-Uhlenbeck  process  In  equation  (53) 
using  a  generated  random  normal  number  nt  -  0.325  yields: 


v  -  (0.9145)  (-0.279)  ♦  (/l  -  0.9552)  (0.325) 
-  (0.9H5)  (-0.279)  ♦  (0.327)  (0.325) 


-  -0.263  ♦  0.106 


-  -  0. 157  , 


which  corresponds  to  a  visual  extinction  of  about  .601  km'1.  At  the  next  time  step,  v.  becomes  -0.157. 
Another  random  normal  number  Is  drawn,  say  -0.102.  Tnen: 

V,  -  (0.915)  (-0.157)  ♦  (0.327)  (-0.102) 

-  -0.158  ♦  0.033 


-  -0.115  , 

which  corresponds  to  a  visual  extinction  of  about  .688  km'1. 

If  continued,  this  process  will  generate  a  time  aeries  of  the  visual  extinction  whose  probability 
distribution  Is  the  same  as  the  distribution  specified  initially  within  the  limits  Imposed  by  sampling 
error.  The  process  will  not  necessarily  produce  the  same  durations  as  those  of  the  original  data.  The 
distribution  of  durations  of  low  visibility  episodes  Is  afrected  by  the  parameter  p  and  by  the  rirst- 
ordar  Markov  assumption.  It  Is  possible  to  determine  a  value  of  pyv  that  will  beet  "fit"  a  given 
distribution  of  durations. 

3.5  Two-variable,  Single-atatlon  Model  (V231).  The  simulation  model  expressed  in  equation  (53)  is 
severely  limited,  in  the  sense  that  It  can  be  applied  only  to  a  time  series  of  a  single  variable.  One  Is 
frequently  interested  In  simulating  more  than  one  variable  In  such  a  manner  es  to  preserve  the  cross¬ 
correlation  between  them.  The  V2S1  model  handles  the  two  variable  case  by  Including  two  time  series  of 
ENDs,  one  END  for  each  of  the  two  variables,  and  then  carrying  the  ncrcss-correlatlon  information  In  the 
stochastic  part  of  the  solution.  For  example,  for  ENDs  c  and  v  for  relative  humidity  and  visual 
extinction,  respectively,  the  time  series  advance  by  separate  Ornsteln-Uhlenbeck  equations  desired  by  the 
VI Si  model, 


poc  °t 


Vl  -  pvvvt  + 


To  produoe  time  series  of  humidity  and  extinction  that  are  correlated  aoroas  variables  (l.e.,  cross- 
correlated),  the  stoohastla  parts  of  equations  (58)  and  (59)  must  be  linked.  This  is  done  by  generating  a 
random  normal  number  of  extinction  that  is  oorralated  with  that,  nc,  previously  generated  for 
humidity.  To  do  this,  the  prooedure  is  first  to  generate  an  independent  n„  and  then  to  set 


rlrst  to  generate  an  independent  n0  and  then  to  set 


\  ’  Pcv  % 


n  -  p» 
Kov 


where  n  Is  another  Independent  random  normal  number  and  poy  is  proportional  to  the  a-oss-oorrelatlon 
between  ENDs  of  humidity  and  extinotlon.  Equation  (60)  is  the  generation  algorithm  for  producing  ENDS 
having  the  correlation  poy. 

f 

In  the  case  of  Independence  when  poy  -  0,  ^  -  n  and  equations  (58)  and  (59)  generate  unrelated  time 
series  of  humidity  and  extinotlon.  In  the  case  of  perfeot  positive  correlation,  when  pQy  •  1, 


the  time  aeries  for  extinction  will  depend  completely  on  that  for  the  humidity.  If  p  and  pyy  both  are 
one,  the  two  time  series  will  be  identical  exoept  for  a  shift  due  to  differing  initial  values.  In  fhe 
intermediate  case,  extinction  and  humidity  will  be  partially  correlated  acoordlng  to  the  value  of  p  , 
whloh  is  proportional  to  the  correlation  pQy  between  humidity  and  extinotlon.  The  prooesa  is  depicted  in 
Figure  6. 


Figure  6.  The  Q-U  Simulation  Prooees  for  the  Two  Variable  Case. 


The  serial  correlation  p00  between  humidity  at  t  and  humidity  st  t*1  is  preserved,  as  is  the 
correlation  pyy  between  extinction  at  time  t  and  extinction  8t  time  t*1.  The  correlation  p  between 
humidity  and  extinction  at  the  same  time  is  proportional  to  p'QV  through  a  constant  of  proportional  f. 
Whlton  and  Bereoek  (1982)  show  this  oonatant  of  proportionality  to  be: 
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(61) 


1  -  p  p 

*00  *vv 


p  "  f  p 
cv  Kcv 


The  factor  f  reduces  to  1  when  pcc  *  pvv  but  otherwise  Is  greater  than  1,  so 


p'  >  p 
ov  -  CV 


From  equation  (60),  the  real  solutions  can  be  obtained  only  If  p^y  Is  less  or  equal  to  unity. 


f  p  <  1  ,  and  p  <  ;  . 

Knv  -  *  .'V  -  f 


Thus,  the  mathematics  impose  an  upper  limit  on  the  cross-correlation  this  model  Is  capable  of 
producing  betwaen  the  two  variables.  For  example,  If  pee  -  0.8,  pev  -  0.4,  and  f  »  1.24,  then  p  oannot 


W  *  ‘  WCC  -  V.^,  KQy  ~  V.-,  =11..  .  -  >.11  =  11  V.QIIIIUI. 

exceed  0.81.  In  this  case,  the  model  In  Its  present  form  cannot  simulate  "c"  and  "v"  whose  ENDs  are 
cross-correlated  more  strongly  than  0.81.  This  upper  limit  on  pcy  depends  on  p  and  pyv  and  must  be 
treated  on  a  case-by-case  basis.  In  the  special  case  where  pcv  •  Pc>/,  cross  correlation  values  up  to  1  .0 
can  be  simulated. 


The  V2S1  model  does  not  explicitly  preserve  what  Is  known  as  the  crose-lag  correlation,  such  as 
pvt°t+l’  the  correlation  between  the  extinction  at  time  t  and  the  humidity  at  time  t»1  .  Whlton  and 
Berecek  show  that  the  cross-lag  correlation  reduces  to  the  product  of  autocorrelation  of  the  first 
variable  and  the  cross  correlation  between  the  two  variable, 


P  *  p  p 

Cf1Vt  cccv* 


This  is  equivalent  to  saying  that,  Tor  the  V2S1  model,  the  cross-lag  correlation  reduces  to  the 
automatic  correlation  between  the  two  variables.  Figure  7  shows  the  applications  to  the  V2S1  model. 


Figure  7.  Correlation  Influence  Diagram  for  the  Two-Variable  0-0  Model.  The  oross-lag 
correlation  Is  shown  as  a  dotted  line  because  It  reduces  It  to  automatic  correlation  in  this  model. 
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Whether  this  Is  true  In  nature  ts  another  question.  A  model  Is  a  simplification  c generalization 
of  nature.  Work  oonducted  to  date  gives  no  Indication  that  reducing  the  cross-lag  correlation  to  the 
automatic  correlation  has  any  adverse  affect  on  th6  model  as  a  weather  simulator.  Whlton  and  Berecek 
(1981)  believe  that  cross-lag  correlations  between  celling  and  visibility  are  very  equal  to  automatic 
correlation.  Whether  this  Is  true  or  at  least  approximately  true  for  other  variables  13  subject  to 
verification  using  actual  data. 

3.6  The  Multivariate  Triangular  Matrix  Model. 

3.6.1  General .  Although  the  V1S1  and  V2S1  models  are  excellent  for  time  series  of  one  or  two 
variables,  few  simulations  are  limited  only  to  two  variables.  The  Multivariate  Triangular  Matrix  (MULTRI) 
model  la  capable  of  generating  an  Independent  vector  of  N  correlated  elements.  These  elements  can 
represent  several  variables  at  a  single  station  or  a  single  variable  for  different  time  steps.  Whlton  and 
Berecek  (1982)  show  the  MULTRI  model  for  two  variables  reduces  to  the  V2S1  Orsteln-Uhlenbeck  model.  The 
MULTRI  simulation  model  allows  more  flexibility  than  the  VtSI  and  V2S1  models. 

3.6.2  The  V  arl  an  oe-Covar  lance  Matrix.  Let  £  be  a  vector  stochastic  variable  consisting  of  J  -  1, 
2,  3,  ....  M  scalar  variables  Xj  and  k  •  1,  2,  3,  ..."7  N  observations  Xj,  such  that: 


J  - 


X1 1 

X,  2 

X 1 M  I 

xJkJ 

“ 

X21 

X2M 

k 

♦ 

(63) 

XN 1 

XN2 

^M 

• 

The  kth  observation 

of  X  Is  the 

row  vector: 

Xk  *  CX,k  X2k  • 

..  xMkj. 

(6H) 

The  random  variable  _X  can  be  sxpressed  In  terms  of  Its  deviation  from  the  mean  X  by 


x  -  X  -  X  • 


(68) 


The  sum  of  the  squares  and  cross  products  (SSCP)  In  raw-score  form 


Is  the  symmetric  matrix  Jl'Jf: 


EX,* 

EX,X, 

•  .  » 

SX.Xu 

EX,X, 

IX,1 

*  *  * 

ex,xm 

iiMx, 

^V1 

‘  *  * 

iv 

Similarly,  the  devl atlon-score  SSCP  Is 


x'  x 


The  two  are  related: 


rx,1 

rx,x. 

e  •  • 

Ix.x, 

Ix,x, 

Ex,1 

'  '  * 

Ex,x( 

£V| 

IXMX2 

.  .  . 

-M2 

x'x  -  X'X  -  X'X  , 


(66) 


(67) 


(68) 


which  gives  the  computational  rule  fo"  obtaining  x'x. 


An  unbiased  estimate  of  the  dispersion  or  variance-covariance  matrix  £  Is  given  by  dividing  the 
elements  of  the  deviation-score  S5CP  by  the  number  of  degrees  of  freedom,  l.e.,  N  -  1. 


1  X  ’  X 

D  -  -L.  r  £  £ 

N-!  k  k 


D.  ,  “  n—r  E  x. .  x 
1J  N-1  k_,  lk  Jk 


where  k  is  a  datum  Index  varying  from  k  •  1  for  the  first  vector  x  to  k  •  N  for  the  flnAl  veotor.  Note 
that  0  is  a  symmetric  (H  x  M)-dlmenelonal  matrix.  The  maxlmun  likelihood  estimate  of  £  Is  given  by: 

.  N 

D  -  E(x'x)  -  jj  l  (70) 

K  ••  1 


Dlj  ‘  N  k=,  XlkXjk  *  (7,) 

The  maximum  likelihood  estimate  Is  used  in  this  and  similar  contexts  because  as  long  as  N'  data  are 
Independent  out  of  N  total  data,  the  variance-covariance  matrix  will  be  positive  definite.  Suoh  a  matrix 
Is,  in  theory,  invertible.  The  maximum  likelihood  estimate  Is  biased;  variance-covariance  estimates  will 
be  smaller,  on  the  average,  than  they  should  be.  The  bias  Is  not  a  problem  in  this  application. 

The  variance  of  a  variable  X  Is: 

1  N 

oxa  -  EC  (X  -  ux)a  3  -  EC  (X  -  px)(X  -  yx)  ]  •  jj  <Xk-  ux)  (Xk  -  ux).  (72) 

The  covariance  between  two  variables  X  and  X  is: 

1  N 

-  EC  (X  -  ux)0£  -  UX)  ]  -  jj  I  (Xk  -  ux)(Xk  -  uY)  .  (73) 

The  linear  correlation  pyy  between  X  and  X  Is  simply  the  covariance  between  X  and  X  divided  by  the 
product  of  the  standard  deviations  of  X  and  X;  l.e., 


^XX  ox  ox 


(X  -  gx)  (X  -  uy) 

PXX  "  F[  ^  ^  3  • 

Note  that  the  covariance  of  X  with  X  reduces  to  the  variance  X;  l.e,, 


°XX  "  (X  -  px)  (X  -  ux)  ]  •  E[  (X  -  ux)  ]  -  ox  . 


The  covariance  between  a  variable  X,  and  a  variable  Xj  Is: 

°12  (X.  '  V  (X2-  V  -  jj,  X1X2 

k»1  k-1 


'  W-  tTJti-  A 


and  between  X1  and  X^  Is: 


J13  *  M  X1X3 


Thus,  the  variance-covariance  matrix 

0  can 

be  written  as: 

°1 1 

°12 

*  •  e 

°1M 

-  *  °21 

°22 

•  .  . 

°2M 

°M1 

°M2 

... 

or: 

2 

°1 

°12 

•  *  • 

5  ■  °21 

°2 

. . . 

°2M 

♦  .  • 

•  "  * 

... 

"2 

°M1 

°M2 

•  *  • 

Because 

°XY 

'  °x  °x  pxx  * 

the  variance-covariance  matrix  oan  be  written  as: 

.2  _  _  i 


°2°1 P21 


liVi2 


°2°MP2M 


•  °M°1PM2  ?M°2PM2  ”•  °M  1  . 

> 

The  form  of  the  variance-covariance  matrix  £  Is  suuh  that  the  sample  variances  are  along  the 
main  diagonal  and  the  sample  covarlanoe  ojj,  l^J  are  the  off-diagonal  elements. 

In  the  special  case  or  a  random  variable  X  distributed  normally  with  a  mean  of  zero  and  a  variance 
of  one;  l.e.,  H(0,i), 

X  -  0  (82) 

x  -  X  (83) 

x'x  -  X'X  (8K) 

and: 

5  ■  5  ,  (85) 

where  R  Is  the  oorrelatlon  matrix,  given  by: 


which  Is  symmetric. 

If  the  vector  stochastic  variable  X  hao  the  multivariate  normal  probability  distribution,  then  the 
probability  density  function  of  _X  Is: 

f (X)  -  - - ■ -  exp[  -l  (X  -  D  J’D'1  (X  -  y  )  ]  ,  (87) 
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where  |  |  represents  the  determinant  and  P-1  Is  the  Inverse  of  the  variance-covariance  matrix  £. 


3,6.3  The  Lower  Triangular  Hatrli.  Random  multivariate  normal  vectors  X.  with  a  mean  vector  jj^ 
and  variance-covariance  matrix  D  can  be  generated  by  using  a  theorem  (as  shown  In  Whlton  and  Berecek, 
1982)  which  states  that  If  n  ls”a  standard  normal  vector  containing  independent  normal  variable  components 
Hj  each  distributed  N(0,1),  then  there  exists  a  unique  lower  triangular  matrix  £  such  that 


Q  3 


(88) 


where  £  Is  an  (M  x  M)  matrix  and  X  and  are  (H  x  1 )  column  vectors.  Here, 

n  •  Chi]  can  be  formed  by  selecting  random  normal  numbers  from  a  population  distributed  N(0,1).  In  this 
?ase  Ux  -  ji^)  is  the  (M  x  M)  variance-covariance  matrix. 


D  •  C’C 


(89) 


and  the  generation  matrix  £  Is  obtained  by  a  lower  trlangularlzatlon  of  the  desired  variance-covariance 
matrix  0. 


The  components  of  the  vector  X  generated  by  this  algorithm  can  have  any  desired  correlation,  as 
provided  In  the  variance-covariance  matrix  X,  and  can  have  any  mean,  as  provided  In  the  vector  By 

this  method  It  Is  possible  to  generate  correlated  random  normal  numbers.  If  the  covariances  of  £  are 
zero,  the  elements  of  the  generated  X  are  then  uncorrelated;  l.e.,  Independent.  Consider  a  case  In  which 
It  Is  desired  to  generate  X  In  three  components, 


X  -  [X,  X,  X,] 


(90) 


with  mean 


u_x  -  Cui  Hi  u»] 


(91) 


and  variances  and  covariances  given  by: 
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In  this  case, 
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The  generation  algorithm  for  the  vector  X,  (equation  90)  Is: 
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In  the  special  case  in  which  _X  has  a  mean  of  zero  and  a  variance  of  one;  l.e.,  distributed  N(0,1), 


y  -  o 


c  -  1 


(95) 


and  the  generation  algorithm  reduces  to 


P2in>  +  '  ’-p2,2  ^ 
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where  n,  ,  n2.  and  n3  are  numbers  drawn  Independently  from  a  population  distributed  normally  with  a  mean  of 
zero  ana  variance  or  one. 

In  practice,  these  analytic  expressions  for  the  lower  triangular  matrix  £  are  not  needed.  One 
simply  forms  the  desired  variance-covariance  matrix  £  (or  the  correlation  matrix  R  :  £  Is  to  be 

distributed  N ( 0 , 1 ) ) ,  lower  trlangul arizes  that  matrix  by  the  Cholesky  procedure  isee  SectU  ■  — 3 . 6 . U ) ,  and 
uses  It  and  the  moan  vector^  In  the  generation  algorithm  (equation  110).  The  Independent  random  normal 
numbers  are  produced  either  by  using  a  pseudo-random  normal  number  generator  directly  or  by  using  a 
uniform  pseudo-random  number  generator  and  any  of  several  suitable  transformations. 

3.6. *1  Cholewky  or  "Square  Hoot"  Factorization.  If  k  Is  a  symmetric,  square  matrix  which  Is 
positive  definite  (a  matrix  £  of  order  N  Is  positive  definite  If  x.'  £  £  >  0,  for  every  real,  nonzero  N- 
vector  X) ,  the  matrix  £  can  be  factored  Into  a  lower  triangular  matrix  £  and  Its  transpose  S', 


A  -  S  S'.  (97) 

The  Cholesky  method  Is  extremely  stable,  never  requires  Interchanging  to  avoid  small  pivots,  and 
requires  the  least  computational  labor  of  all  decomposition  schemes,  largely  because  of  the  symmetry  of 
the  £  matrix.  If  the  symmetric,  positive  definite  requirements  are  not  adhered  to,  the  Cholesky  algorithm 
will  break  down  by  calling  for  division  by  zero  or  attempting  to  take  the  square  root  of  a  negative 
number . 


The  Cholesky  or  square-root  algorithm  for  factoring  the  real,  symmetric,  positive  definite  matrix  £ 
-  !>jj]  of  order  n  Into  a  lower  triangular  matrix  £  -  [s,,]  and  its  transpose  consists  of  three  rules: 
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J  >  1 

1  <  J  <  1  &  n. 
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Finally,  st  ,  -  0  for  all  J  >  1.  These  rules  are  Implemented  colimn-wl  se ,  starting  with  the  leftmost 
(J  -  1 )  ana  proceeding  down  each  column  (toward  Increasing  1). 


The  Cholesky  reduction  procedures  the  lower  triangular  matrix  C, 


The  transpose  of  C  is: 


|  1.0000 

0.0000 

0.0000 

0.0000  I 

|  0.8000 

0.6000 

0.0000 

0.0000  I 

|  0.7000 

0.0667 

0.7110 

0.0000  I 

|  0.3000 

0.2667 

0.3829 

0.8321  1 

|  1.0000 

0.8000 

0.7000 

0.3000  j 

|  0.0000 

0.6000 

0.0667 

0.2667  | 

|  0.0000 

o.cooo 

0.7110 

0.3829  | 

|  0.0000 

0.0000 

0.0000 

0.8321  1 

from  which  it  can  be  verified  that:  C'  C  •  0  . 


The  matrix  C  Is  then  used  to  generate  values  of  by  performing  the  matrlx-veotor  multiplication  of 
equation  (88)  with  successive  values  of  n. 
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CHAPTER  4 


CUMULATIVE  DISTRIBUTION  PUMCTIOMS  OP 
ELECTRO-OPTICAL  AID  METEOROLOGICAL  VARIABLES 


4.1  General .  For  eaoh  simulation  using  the  Ornateln-Uhlenbeok  stochastic  process  (Equation  48),  a 
raw  variable  must  be  expressed  as  an  equivalent  normal  deviate  (END).  The  transnormallzatlon  procedure 
desorlbed  In  Section  3.4  for  converting  a  threshold  xT  to  a  cumulative  probability  and  then  normalizing 
the  probability  oan  be  applied  to  all  the  variables  in  the  OPAQUE  project.  However,  the  graphical 
technique  la  lmpraotloal  for  even  a  small  number  of  simulations.  A  more  appropriate  alternative  is  to  use 
linear  regression  techniques  to  fit  variously  shaped  distribution  functions  to  the  cumulative 
distributions.  This  procedure  gives  a  continuous  function  of  the  form 


P  -  F(x)  (101) 


from  which  continuous  probability  estimates  oan  be  obtained  by  evaluating  the  function.  Correspondingly, 
continuous  variable  estimates  can  be  obtained  by  evaluating  the  function  Inverse 


x  -  F_1  (P)  . 


(102) 


There  are  a  number  of  cumulative  probability  distribution  functions  which  oould  be  used  to  model  the 
empirical  distributions  of  the  EO/Met  variables.  However,  there  are  several  restrictions  which  limit  the 
number  of  possible  CDFs.  The  CDF  oust  be  of  a  form  that  allows  Inverse  transnormallzatlon;  l.e.,  the  CDF 
must  be  readily  solvable  for  the  threshold  value  Xr  as  In  equation  (102).  F~'  will  exist  If  the  function 
F  la  continuous  and  monotonioally  increasing.  ‘in  general,  polynomials  produce  negative  rrequenoles 
because  they  do  not  monotonioally  Increase,  and  are  therefore  unsuitable  for  modeling.  The  CDF  must  also 
be  reduolble  to  a  linear  form  slnoe  the  CDF  modeling  coefficients  are  to  be  derived  by  standard  linear 
regression.  The  CDF  should  be  in  closed  form,  which  allows  a  solution  by  dlreot  substitution  rather  than 
by  numerical  Integration  or  tables.  The  number  of  modeling  coefficients  should  be  relatively  small; 
l.e.,  two  coefficients  will  substantially  reduce  computer  time  and  storage. 

Considerable  work  has  been  done  using  the  above  constraints  with  some  of  the  EO/Met  variables 
available  In  the  OPAQUE  data  base.  Somerville  et  al  (1979)  developed  a  modeling  soheme  for  visibility 
using  the  Welbull  distribution  (our  first  guess  for  the  OPAQUE  visual  attenuatlon/extlnotlon) .  Husar  et 
al  (1981)  worked  extensively  with  visual  attenuation  using  the  Johnson  single-bounded  (lognormal) 
distribution.  Somerville  and  Bean  0  979)  suggested  the  Welbull  distribution  for  wind  speed.  Temperature 
and  dewpoint  have  been  frequently  modeled  using  the  normal  distribution  (Boehm  and  Abbott,  1977).  Boehm 
(1976)  used  the  Johnson  double-bounded  distribution  for  relative  humidity.  Somerville  et  al  (1980)  hr.ve 
employed  the  Johnson  double-bounded  distribution  to  model  sky  cover. 

No  previous  work  has  been  done  modeling  broad-band  infrared  empirical  distributions.  USAFETAC/DNY 
developed  a  program  that  allows  a  rapid  graphical  comparison  of  the  empirical  distribution  of  a  data  set 
with  each  of  the  standard  distributions  being  considered  as  a  model.  This  program  follows  the  probability 
plot  oonoept  of  Law  and  Kelton  (1982).  Based  on  the  analysis  of  these  plots  and  other  Investigations, 
USAFETAC/DN7  adopted  a  line  segment  fitting  routine  to  model  the  empirical  distributions  of  the  broad-band 
infrared  data. 

4.2  Distribution  Fitting  Approach. 

4.2.1  Binning  Data ■  A  prerequisite  to  modeling  empirloal  distributions  is  to  rank  order  the 
observed  data.  Boehm  (1976)  suggests  a  cumulative  probability  can  then  be  assigned  to  eaoh  observation. 
The  probabilities  can  then  be  applied  to  a  linear  regression  curve  fitting  program.  This  procedure  has 
several  drawbacks,  the  largest  being  the  sheer  number  of  operations  Involved  In  a  large  data  set.  A 
better  procedure  for  large  data  sets  la  what  Panofsky  and  Brier  (1965)  call  organizing  data  by  olaas 
Intervals  that  are  "numerical  but  unequal".  Here  the  rank  ordered  data  are  now  assigned  to  a  class  or  bln 
such  that  all  observations  within  that  bln  are  less  than  or  equal  to  the  threshold  x-  specified  for  that 
bln  but  greater  than  the  threshold  value  Xj  ,  of  the  previous  bln.  The  class  Interval  or  bln  width 
becomes  (xT  -  xT.1 )  and  the  cumulative  probability  for  that  bln  Is  Pr(X  £  xT).  It  is  these  cumulative 
probabilities  that  are  used  for  the  mathematical  modeling. 

The  number,  size,  and  width  of  bins  Is  a  matter  of  optimization.  Fewer,  larger  bins  mean  more  data 
In  eaoh  bin  with  a  corresponding  smaller  error  due  to  sampling.  Smaller,  more  numerous  bins  have  a 
greater  sampling  error,  but  Interpolation  error  Is  smaller.  Slnoe  portions  of  the  frequency  distributions 
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of  the  EO/Met  variables  have  limited  data,  the  larger  bin  widths  will  allow  a  smoother  tiansltton  in  bin 
size  from  one  bln  to  the  next  and  reduoe  the  number  of  empty  or  low  count  bins.  Correspondingly,  smaller 
bln  widths  in  data  rloh  spectrums  will  provide  a  better  curve  fit  for  the  modeled  distribution. 

The  final  choices  for  the  threshold  values  x..  and  bln  widths  (xT  -  xT_.)  resulted  from  evaluations 
of  how  well  the  modeled  distribution  mate-tied  the  empirical  distribution.  Table  8  shows  the  threshold 
values  for  the  OPAQUE  variables  for-  which  modeling  parameters  were  eventually  developed.  The  last 
threshold  value  for  each  variable  is  set  to  a  high  enough  value  to  Include  all  observations  greater  than 
the  last  interior  threshold  value.  The  r..lnlmum  exterior  threshold  boundary,  which  is  not  shown,  often 
equates  to  zero.  The  only  exception  to  tins  is  the  equivalent  aerosol  Ill  extinction.  Because  of  errors 
in  the  measurements  and  approximations  to  LOWTRAN  derived  aerosol  IR  transmission,  values  greater  than  ICO 
percent  are  possible.  With  the  conversion  to  equivalent  aerosol  IR  extinction,  values  less  than  zero  art 
also  possible,  therefore,  the  mlni3.uri  exterior  threshold  boundary  for  aerosol  equivalent  IR  extinction  is 
set  to  - . 2  km  . 


TABLE  8.  Threshold  Valued  ty  for  the  OPAQUE  EO/Kot  Variables. 
Vlaual  Attenuation/Extinction  (ka’1 1 
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V.2.2  Trans  normal  V  mat  i  on  ■  Figure  5  rhowu  an  example  or  the  conversion  from  a  cumulative 
probability  to  a  norms;  probability.  As  noted  in  Paragraph  3.b,  a  rational  approximation,  rather  ehan 
normal  probability  tables,  works  best  for  computer  simulations.  There  are  several  rational  approximations 
that  can  be  used.  USAFETAC  uses  the  rational  approximation  by  Hastings  (Abramowltz  and  Stegun,  1 964 1  in 
the  simulation  efforts  to  convert,  cumulative  probability  to  an  equivalent  normal  deviate  (END). 


USAFETAC  subroutine  ENORMP  calculates  the  END  correspondl ng  to  the  cumulative  normal  probability 
that  a  normally  distributed  variable  X  is  lass  than  acme  threshold  xT.  The  subroutine  is  based  on 
equation  26.2.23  from  Abrainowitz  and  Stogun, 

i 

(C0  ♦  C,T  ♦  CjT  ) 

EC  P)  -  T - ■= - 5  *  e(P),  (103) 

1  ♦  D,  T  ♦  D,T  ♦  D,T J 

where  the  absolute  value  of  the  error  in  the  probability  returned  Is  |e(E)|<  *.5  x  1C  1  and 


T  - 


(10*) 
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The  oonetants  for  the  polynomial  approximation  are: 


Co  -  2.515517 

Di  -  1 .X32783 

Ci  -  0.802853 

D i  -  0.189269 

Ci  -  0.010328 

D»  -  0.001 308. 

The  resultant  END  corresponds  to  a  right-tall  integration  of  the  standard  normal  distribution.  For 
probabilities  greater  than  50  percent,  the  subroutine  uses  the  complement  (1  -  P)  to  give  the  left-tall 
integration  from  -•  to  E.  For  probabilities  less  than  50  percent,  the  resultant  END  must  be  multiplied  by 
-1  to  account  for  negative  ENDS.  The  Hastings  approximation  breaks  down  In  the  extremes  of  the  normal 
distribution.  Therefore,  probabilities  are  truncated  at  the  .05  percent  points;  i.e.,  less  than  or  equal 
to  .0005  and  greater  than  or  equal  to  .9995.  The  corresponding  ENDS  are  -3.3  and  3.3,  respectively. 

USAFETAC  subroutine  PN0RME  uses  similar  technique  to  calculate  the  cumulative  normal  probability 
that  a  normally  distributed  variable  X  Is  less  than  some  threshold  xT  whose  END  Is  E.  This  is  the 
Integral  of  the  standard  normal  distribution  from  —  to  E.  The  polynomial  approximation  from  equation 
26.2.18  of  Abramowlts  and  Stegun  provides  th6  transformation, 

>  )  *  “X 

P(£)  •  1  -  .5  •  O  ♦  C,E  *  C,E  *  C,E  ♦  C.E  )  ♦  e(E)  ,  (105) 

where  the  absolute  value  of  the  error  in  the  returned  probability  is  |c(E)|<  2.5  x  10  “V  The  oonstants 
for  the  approx 'mat lor  are 


Ci  -  0.’9685X 
Cj  -  C.11519X 


C»  -  0.0003XX 
C.  -  0. Cl 9527. 


For  computation  efficiency  In  the  algorithm,  the  Inverse  9th  root  of  one  half  (1.1892071)  can  be 
factored  Into  the  constants  (including  unl  :y )  of  aquation  (105).  Thi3  substitution  yields: 

1  '  4  -l4 

PIE)  -  1  -  <C,  *  -  C.E  *  C jE  -  C,E  )  .  (106) 


The  constants  for  this  form  of  the  approximation  are: 


Co  -  1.1892071 
Ci  -  0.23X1002 
Cj  -  0.1369895 


C>  »  0.000X091 
C,  -  0.023221  6. 


To  further  reduce  the  number  of  mathematical  operations  necessary  to  solve  equation  (105),  the  term 
In  parentheses  can  be  evaluated  In  factor  form: 


W  •  C,  *  E  I  C,  *  E  [C,  *  E  (C,  •  C.E)])  . 


(107) 


Substituting  equation  ('07)  Into  equation  (106)  the  approximation  beccces: 


PiE)  -  I  -  w"**  . 


(108) 


This  aquation  can  also  be  expressed  as: 


?(E)  »  1  -  [1/(W  •  W  •  V  •  W)J  . 

For  cases  of  negative  ENDS,  equation  (106)  bscrmes: 

P(E)  -  (CQ  ♦  E  {  -  0,  ♦  E  [C2  ♦  E  <-C3  ♦  C^E) ] j  . 


(109) 


(110) 
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Vhe  constants  Co  through  C*  have  the  oame  values  as  for  the  oase  of  positive  E.  The  factored  form 
of  the  term  In  parantheses  In  equation  (HO)  becomes: 


W  -  CQ  ♦  E  |  -  C,  ♦  E  [C2  ♦  E(-C3  ♦  CjjE) ]}  . 


(Ill) 


Substituting  equation  (111)  Into  equation  (106),  the  approximation  becomes: 

-U 


P( E)  -  W 


(112) 


which  can  also  be  expressed  as: 


P( E)  -  1/(W  •  W  •  W  •  W)  . 


(113) 


Table  9  compares  a  few  selected  Hastings  derived  probabilities  with  probabilities  extracted  from  the 
CRC  Handbook  of  Tables  for  probabilities.  All  derived  probabilities  are  well  within  the  accuraoy  required 
for  simulation  models. 


TABLE  9.  Comparison  of  Hastings  Equivalent  Normal  Deviate 
Probabilities  using  OSAFETAC  Subroutine  PNORIC  with 
Probabilities  free  CRC  Handbook  of  Tables  for  Probabilities  (1968). 


END 

PN0RME 

Probability  from  Tables 

-3.5 

0.00037441 

0.0002 

-3-0 

0.00157918 

0.0013 

-2.0 

0.02256308 

0.0228 

-1  .0 

0.15887636 

0.1587 

0.0 

0.49999976 

0.5000 

1  .0 

0.84112364 

0.8413 

2.0 

0.97743696 

0.9772 

3.0 

0.998H2083 

0.9987 

3.5 

0.99962562 

0.9998 

A. 2. 3  Evaluating  Curve  Fits. 

The  goodness  of  fit  between  the  observed  and 

calculated  cumulative 

distributions  Is  evaluated  In 

terms 

of  the  root 

mean  square  difference  (RMS) 

between  the  observed 

cumulative  distribution  for  all 

threshold  values  and 

those  values  for  the  mathematical  function.  The  RMS 

is  defined  by: 


1 


N 

RMS  -  ✓  j  Z 
N  j-1 


(W‘ 


(114) 


where  0^  and 


T.  are  the  Individual  elements  of  the  observed  and  theoretical  distribution  and  N  Is  the 
o.  data  pairs.  The  maximum  difference  between  each  observed  and  modeled  distribution  is  a 


total  r.umc-er 

product  of  the  RMS  calculations.  After  the  appropriate  mathematical  function  has  been  selected,  both  the 
RMS  and  RESMAX  can  be  minimized  by  careful  selection  of  bln  threshold  values. 


Table  10  contains  the  curve  fit  Information  for  the  10m  wind  speed  for  April,  0500  MST. 


30 


■raw. 


Table  10.  0  be  erred  and  Calculated  Cumulative  Frequency  Occurrence  Pr 

(X  £  Mj)  far  Ypenburg  0500  HST  April  10m  Wind  Speed. 


Observed 

Welbull 

Threshold 

Cumulative 

Cumulat  1  ve 

Wind  Spoed 

Frequency 

Frequency 

Residual 

ST-i 

S<St 

S  <3t 

Residual 

Squared 

msec 

* 

T 

(*} 

(*) 

1.5 

11.9 

13.1 

-1.2 

1.11 

2.5 

28.7 

28.1 

.6 

.36 

3.5 

11.6 

11.0 

.6 

.36 

1.5 

58.1 

58.7 

-.3 

.09 

5.5 

71.3 

71 .0 

.3 

.09 

6.5 

79.2 

80.6 

-1.1 

1.96 

8.0 

92.1 

90.2 

1.9 

3.61 

9.5 

95.0 

95.5 

-.5 

.25 

15.0 

100.0 

99.9 

.1 

.01 

The  10m  wind  speed,  which  Is  modeled  using  the  standard  Welbull  distribution,  contains  nine 
interior  bln  thresholds.  The  sum  of  the  residuals  is  8.17  for  the  nine  data  points.  The  last  cumulative 
value  Is  set  at  100  percent  and  la  therefore  not  used  In  the  RMS  calculations.  Using  these  values  In 
equation  (111)  yields:  RMS  -  /8. 17/9  -  .908*  . 

The  RMS  of  .908  percent  and  RESMAX  of  -1.1  percent  are  among  the  lowest  of  any  curve  fits.  This 
leads  to  a  possible  error  of  about  3  percent  in  using  the  Welbull  distribution  for  the  10m  wind  speed. 

Normally,  the  RMS  provides  a  good  Indicator  of  the  closeness  of  fit;  l.e.,  the  lower  the  RMS  the 
better  the  fit.  In  the  10m  wind  speed  example,  the  theoretical  distribution  is  an  excellent 

representation  of  the  empirical  distribution.  In  some  cases,  however,  the  RMS  can  be  low  while  tho  RESMAX 
over  a  portion  of  the  curve  fit  can  be  quite  high.  For  example,  the  RMS  for  the  Ypenburg  visual 
extinction  lognormal  curve  fit  for  July  1200  MST  is  3.77  percent.  The  RESMAX  Is  -10.59  percent  which 
occurs  over  the  lower  threshold  values.  Tabl,e  11  shows  the  curve  fit  Information  for  the  lower  ten 
thresholds.  The  RESMAX  occurs  wit:  the  .21  km”  extinction  threshold.  Optimum  selection  of  threshold  bln 
values  can  minimize  this  type  of  deviation.  Appendix  C  contains  the  Ypenburg  modeling  coefficients. 
Appendix  D  oontalns  a  summary  of  curve  fits  for  Ypenburg. 

$ 

TABLE  ii.  O  bn  erred  and  Modeled  Cumulative  Frequency  Oocir  renoe 

for  Ypenburg  0700  MST  July  Visual  Extinction  ( lognormal  distribution). 


Observed 

Lognormal 

Threshold 

Cumulative 

Cumulative 

Equl  valent 

Frequency 

Frequency 

Extinction 

B  bT 

B  bT 

(km-1 ) 

(*) 

(*) 

.05 

0 

0 

.10 

2 

6 

.12 

8 

12 

.1 1 

19 

18 

.16 

25 

26 

.18 

31 

33 

.20 

18 

10 

.22 

55 

17 

.21 

61 

53 

.26 

66 

59 

A. 3  Mathematical  Fuictlons  to  Modal  Cumulative  Frequency  Platrlbutlona. 

A. 3.1  Johnson  Pouble-Bowded  Distribution.  USAFETAC's  basic  modeling  equation  for  sky  cover  is 
the  Johnson  double-bounded  distribution,  which  Is  a  member  of  the  Johnson  family  of  curves.  The  Joimson 
family  of  curves  Is  especially  useful  since  they  are  monotonlcally  Increasing  functions,  which  alleviates 
the  problem  of  most  polynomials.  Additionally,  they  allow  for  dlreot  transnormal lzatlon  without  the 
generation  of  an  Intermediate  cumulative  probability.  Somerville  et  al .  (1978)  first  used  the  function 
for  fitting  sky  cover  distributions. 


i 
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The  equation  for  the  Johnson  double- bounded  ourve  Is: 


n 

X  -  Y 


n  in  ( 


(115) 


where  y  and  n  are  the  modeling  coefficients  determined  from  an  emplrloal  distribution,  xT  is  the 
threshold,  L  and  U  are  the  lower  and  upper  bounds  of  the  curve  respectively,  and  x  Is  the  END  of  the 
cumulative  frequency  that  the  variable  IS  less  than  the  threshold  value.  The  Johnson  double-bounded 
distribution  is  particularly  suited  for  fitting  distributions  that  are  bounded  at  both  end  points;  e.g., 
sky  cover  and  relative  humidity. 


For  sky  cover,  the  lower  bound  corresponds  to  a  zero  percent  coverage,  while  the  upper  bound  Is  one 
hundred  peroent  sky  coverage.  Therefore,  equation  (115)  becomes: 


H 

X 


Y  ♦  n  In 


(116) 


where  xT  is  some  threshold  sky  cover  In  fractional  coverage  and  x  is  the  END  of  the  cumulative  frequency 
that  the  actual  sky  cover  X  Is  less  than  the  threshold  sky  oover  x~.  To  obtain  values  of  sky  oover  from 
an  END,  equation  (116)  must  be  solved  for  x^.  (USAFETAC  subroutine  XJdHNP)i 


XT  ' 


exp 


1  ♦  exp  (- 


x  -  Y 


(117) 


The  values  of  Y  ^id  n  are  obtained  using  a  standard  linear  regression  (USAFETAC  subroutine 
JHNCOF) .  The  values  of  x  corresponding  to  the  percentage  of  time  that  the  sky  cover  Is  less  than  some 
threshold  is  regressed  against  the  interior  boundary  values  of  that  category.  For  example,  when  the  sky 
cover  Is  observed  in  octas,  there  are  nine  thresholds  designated  as  0,1 ,2,3, b, 5, 6, 7,  and  8.  Only  the 
interior  seven  data  pairs  are  passed  to  the  regression  scheme. 

*•.3.2  Johnson  Single- Bounded  Distribution.  The  modeling  equation  for  visual  attenuation  and 
visual  extinction  Is  the  Johnson  single-bounded  or  lognormal  distribution.  The  standard  USAFETAC  modeling 
distribution  for  visibility  Is  the  Welbull  ourve.  Initial  efforts  centered  on  using  the  Welbull 
distribution  for  visual  attenuatlon/extlnotlon.  However,  the  lognormal  distribution  (Husar  et  al,  1981) 
provided  much  better  curve  fits  than  the  Welbull. 

The  standard  lognormal  distribution  (Law  and  Kelton,  1982), 

Fx(x)  -  -  exp  (~U'nX2^  v)  )  ,  (118) 

x  /2*o^ 

is  not  in  closed  form.  However,  the  lognormal  distribution,  as  a  member  of  the  Johnson  family  of  curves, 
Is  in  a  closed  form  which  allows  transnormalization  directly  without  calculation  of  an  Intermediate 
cumulative  distribution.  The  equation  for  the  Johnson  version  of  the  lognormal  distribution,  which  is  the 
form  that  will  henoeforth  be  used,  is  (Boehm,  1976): 


x  -  Y  ♦  n  In  (xT  -  k)  ,  (119) 


where  Y  and  n  are  the  modeling  coefficients  determined  from  an  emplrloal  distribution,  x^.  Is  some 
threshold,  k  is  a  constant,  and  x  Is  the  END  of  the  cumulative  frequency  that  the  variable  Is  less  than 
the  threshold  value  (Pr  (X  £  Xj)). 

The  lognormal  distribution  is  particularly  suited  for  distributions  that  are  bounded  on  one  end, 
where  k  is  the  lower  bound  the  variable  can  assume.  Often  the  value  k  Is  known  to  be  zero,  in  which 
equation  (119)  reduces  to  the  two  parameter  lognormal  distribution  (Johnson  and  Kotz,  1970), 


x  ■  Y  *  n  In  .  (120) 
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To  obtain  values  of  visual  attenuation/extinction,  equation  (121)  must  be  solved  for  xT  (USAFETAC 
Subroutine  PLOGNXh 


xT  -  exp  ( — x  T — )  .  (121) 

The  values  of  T  and  n  are  obtained  using  a  standard  linear  regression  (USAFETAC  subroutine  LGNCOF) 
that  fits  the  observed  CDF  to  the  equation  of  a  straight  line  and  minimizes  the  sum  of  the  squares  of  the 
differences  between  the  modeled  distribution  and  the  observed  data:  The  upper  and  lower  exterior 
thresholds  and  their  corresponding  cumulative  probabilities  are  not  used  In  the  regression. 

4.3-3  Weibull  Distribution.  USAFETAC's  basic  modeling  curve  for  wind  speed  is  the  Welbull 
distribution.  The  equation  for  the  Weibull  distribution  Is: 


P 


1  -  exp  (- 


a  xT6) 


(122) 


where  o  ar.d  6  are  the  modeling  coefficients  from  empirical  distributions,  x^  Is  the  threshold,  and  P  la 
the  probability  that  the  actual  observation  X  is  less  than  or  equal  to  Pr(X  <_  Xj) .  USAFETAC 

subroutine  ENORMP  completes  the  transnormalization  process.  Threshold  values  are  obtained  by  solving 
aquation  (122s  for  x?  (USAFETAC  subroutine  XWEIBP): 


x 


T 


(ln  (1  -  P)J/B 

'  —  rt  • 


(123) 


Tho  values  of  a  and  6  are  obtained  using  standard  linear  regression  (USAFETAC  subroutine  FTWEBL). 
Sinoe  the  Welbull  cumulative  distribution  is  non-llnear,  equation  (123)  must  first  be  linearized.  Because 
of  linearization,  the  curve  fitting  minimizes  the  sum  of  the  square  differences  in  natural  logarithm  space 
rather  than  raw  variable  space.  A  weighting  function  WF  is  applied  to  each  data  point  that  produces  a 
minimum  error  In  raw  variable  space.  Appendix  B  describes  this  weighted  linear  regression  technique. 

Somerville  and  Bean  (1979)  first  applied  a  three  parameter  Welbull  distribution  to  wind  speed: 

P  -  C  ♦  (1  -  0(1  -  exp  (-a  x.  6)  ,  (12b) 


where  C  Is  the  probsblllty  of  a  calm  wind  speed.  This  technique  requires  three  modeling  coefficients 
rather  than  the  two  of  the  standard  Weibull.  However,  USAFETAC/DNO  found  (Project  156b)  that  a  two 
parameter  Welbull  provided  better  curve  fita  than  the  three  parameter  version.  The  probability  of  calm  Js 
now  Included  In  the  flrat  cumulative  probability  bln.  For  example,  for  tho  first  threshold  of  1  msec-,, 
the  cumulative  probability  Pr  (X  _<  1)  Includes  the  combined  cumulative  probability  of  calm  and  1  msec”  . 
The  change  to  the  two  parameter  version  is  Justified  since  wind,  for  the  most  part,  never  Is  truly  calm 
(aee  Paragraph  2.2). 

USAFETAC's  previous  modeling  efforts  for  relative  humidity  used  the  Johnson  double-bounded 
distribution  (Boehm,  1976).  However,  USAFETAC/DNY  found  that  the  Welbull  distribution,  when  using  the 
complement  of  relative  humidity  (100  -  RH),  gave  better  curve  fits.  Humidity  bln  widths  are  narrow  for 
high  relative  humidities  to  concentrate  on  the  change  in  aerosol  growth. 

b.3.4  Mormal  Distribution.  USAFETAC’s  basic  modeling  distribution  for  temperature  and  dewpoint 
Is  the  normal  curve.  As  noted  in  Paragraph  b.1,  polynomials  usually  are  not  suitable  for 
transnormallzatlon  because  portions  of  the  curve  with  negative  slopes  produce  negative  frequencies:  l.e., 
the  ourves  are  not  monotonlcally  Increasing.  However,  a  first-order  polynomial  of  the  form: 


x  -  a  +  bx  ,  (125) 


where  x  Is  the  raw  variable  rather  than  a  standard  variable,  can  give  the  transnormal lzed  cumulative 
probability  directly  without  calculation  of  an  intermediate  probability.  Equation  (125)  Is  simply  the 
normal  distribution  with  a  mean  of  -a/b  and  a  standard  deviation  1/b  (Boehm,  1976).  This  can  be  seen  by 
equating  the  standard  form  of  a  normal  equation  with  a  mean  M  and  standard  deviation  S  to  the  linear 
equation  form: 


x  -  (x  -  M)/s  -  a  ♦  bx.  (126) 
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Since  the  raw  variables  are  available,  the  calculated  mean  and  standard  deviation  can  represent  the 
modeling  coefficients  rather  than  generating  cumulative  probabilities.  To  recover  a  threshold,  equation 
(125)  can  be  solved  for  x: 


/ 

Probability  Plots. 


XT  • 


ti 


x  -  a 
b 


n 

X  •  3  ♦  M  . 


(127) 


H.^.l  Graphical  Evaluation  of  Cumulative  Probabllltlee,  One  traditional  method  of  selecting  a 
distribution  for  modeling  is  by  evaluating  a  graphical  plot  of  the  raw  variablo  and  some  function  of  the 
raw  variable.  A  histogram  of  the  frequency  distribution  gives  an  estimate  of  the  probability  density 
function.  While  the  pattern  of  the  PDF  Is  well  defined.  Identification  of  a  particular  PDF  from  the 
histogram  can  be  rather  difficult.  Since  all  the  distributions  USAFETAC  uses  for  simulation  are  of  the 
cumulative  type,  this  method  Is  not  suitable  for  selecting  a  distribution.  Identifying  a  particular 
distribution  from  a  histogram  of  a  CDF  Is  nearly  impossible. 


The  probability  plot  technique  (alternatively  called  quantlle-quantllo  or  Q-Q  plot)  described  by  Law 
and  Kelton  0982),  Gringorten  (1963),  and  Kinball  (I960),  reduces  the  comparison  of  the  distribution  of 
data  with  a  mathematical  distribution  to  an  evaluation  of  how  well  a  data  plot  fits  a  straight  line. 
Although  probability  plots  do  not  always  indicate  a  suitable  modeling  distribution,  the  technique  does 
provide  a  great  deal  of  information  on  how  various  sections  of  an  empirical  distribution  follow  certain 
mathematical  distributions. 


The  objectives  of  the  probability  plot  technique  are  to  reduce  one  of  the  standard  distribution 
functions  to  a  linear  form,  evaluate  this  equation  In  terras  of  the  cumulative  probability,  and  plot  the 
raw  variable  (abscissa)  against  the  result  (ordinate).  The  general  form  of  a  linear  cumulative 
distribution  function  Is: 


M(x )  -  A  ♦  B  N(x )  , 


0  28) 


where  A  and  B  are  the  location  and  scale  parameters  respectively,  x  Is  the  threshold  value,  x  Is  the 
cumulative  probability,  M(x)  la  some  function  of  the  cumulative  probability,  and  N(x)  Is  some  function  of 
the  threshold  value.  Typically,  a  cumulative  distribution  function  must  be  solved  for  N(x)  to  be  put  In 

the  form  of  equation  (128),  which  gives  the  function  Inverse  F  1  ( P > .  A  plot  or  each  raw  variable  Xj 

against  N(xt)  will  produce  a  straight  line,  provided  the  distribution  of  the  data  Is  the  same  as  the 
mathematical  distribution  function. 

Equation  (128)  requires  estimates  for  location  and  scale  parameters  A  and  B.  These  parameters  do 
not  have  to  be  precisely  determined.  Any  differences  between  A  and  B  and  the  true  values  for  the  scale 
and  location  parameters  will  still  produce  a  straight  line,  only  the  slope  will  be  different  from  1  and 

the  line  will  not  pass  through  the  origin,  A  convenient  choice  for  the  location  and  scale  parameters  are 

0  and  1  respectively, 

**.*.2  Katl— tea  for  Cmmlatlve  Probability,  The  cumulative  distribution  function  Fx  has  been 
def ined  as  (equation  29) : 


Fx  -  Pr  (X  <  x)  . 


If  the  data  to  be  analyzed  Is  rank  ordered  In  ascending  order,  each  data  point  becomes  what  Law  and 
Kelton  call  the  1th  order  statistic  for  all  th6  Xj's.  A  reasonable  approximation  to  Fx  Is  the  proportion 
of  all  Xj's  that  are  less  than  x.  A  simple  1/N  estimate  tends  to  give  slightly  biased  results, 
particularly  for  the  extremes  of  the  cumulative  probability.  Klrabnll  (1960)  shows  that  the  estimate  of 
the  empirical  cumulative  distribution  function  Fx  can  be  represented  as: 


w 


_1 _ 

N*1  ' 


(129) 


Gringorten  (1963)  gives  a  more  general  form  for 


w  - 


1  -  A 


1-2  A 


(130) 
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where  0  <_  A  <  1.  The  value  that  A  takes  on  depends  on  the  type  of  function  M(x)  Is  In  equation  (128). 
The  most  frequently  cited  value  is  A  -  .5,  which  yields: 


w 


(13D 


This  amounts  to  taking  the  middle  value  from  (1-1  )/N  to  1/N. 

Equation  (132)  general  and  has  been  used  for  many  purposes.  When  the  cumulative  probability  Is 

used  explicitly  In  M(x),  Gringorten  recommends  A  -  0  for  better  estimates  of  the  cumulative  probability, 


W  -TT 


+  i 


(132) 


When  M(x)  calls  for  the  conversion  of  the  cumulative  probability  to  an  END,  Kimball  (i960)  lets  A  « 
.375,  which  produces  an  estimate  of  the  cumulative  probability  of: 


w 


1  -  -375 
N  +  .25 


(133) 


•t.1.3  Generation  of  Quantiles.  The  Johnson  family  of  curves  (equations  115  and  119)  are  already 
In  the  linear  form  of  equation  (12&T: 


X  -  Y 


n  In  ( 


n 

x  -  Y  +  n  In  (xT  -  k). 


Using  estimates  for  the  location  and  scale  parameters  as  0  and  1  respectively,  the  above  equations 
btiOome  1 


n 

In  (xT  -  *)  -  x  . 


(1  3*0 

(135) 


Equations  (13*0  and  (135)  are  In  Inverse  function  F"  form.  The  user  supplies  the  upper  (BU)  and 
lower  (BL.k)  bounds  for  the  Johnson  distributions.  In  many  cases,  the  lower  bounds  oan  be  set  to  zero  for 
metcoroiogloal  variables.  A  small  Increment  (.001)  Is  added  to  the  terms  In  parenthesis  In  to  prevent 
taking  logarithms  of  zero,  USAFETAC  subroutine  ENCRMP  converts  the  cumulative  probability  to  an  END. 
Since  equations  (139)  and  ( 1 35 )  both  involve  the  exponential  of  an  END,  equation  (133)  provides  the 
estimate  of  the  cumulative  distribution.  The  plotted  points  for  the  two  Johnson  curves,  therefore,  are  In 
the  form  of: 
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/  1  -  .375 
'  N  ♦  .25 
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The  Welbull  distribution  Is  not  In  the  linear  form  of  equation  (128).  Using  a  slightly  different 
form  of  the  equation  which  Includes  the  shape  (a)  and  scale  (6)  parameters,  the  Welbull  distribution  Is 
(Law  and  Kelton): 


x_ 

P  -  1  -  exp  ( - ^-)a  .  0  37) 

Conversion  to  a  linear  form,  where  Q  -  1  -  P,  Is  straightforward, 

1  -  P  -  exp  -  (—)  a 
in  Q  -  -  (-^)° 
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(138) 


In  (-In  Q)  -  a  In  *T  -  a  In  B  . 

Letting  the  estimates  for  both  the  shape  and  scale  parameters  be  1,  equation  (138)  becomes: 


In  xT  •  In  (-In  Q)  . 


(139) 


Since  equation  0  39)  Involves  the  double  natural  logarithm  of  a  function  of  the  cumulative 
probability  ( 1 -P) ,  equation  (1j2)  provides  the  estimate  of  the  cumulative  distribution: 

w-1  - 

The  plotted  points  for  the  Welbull  distribution  must  be  In  the  form  of: 

(In  In  (-In  N-  ~  \  ~  - ) )  .  ( 1  HI ) 

Since  x.j.  In  equation  0  37)  must  be  positive,  an  offset  Is  added  to  all  Xj'a  In  equation  ( 1 U 1 ) .  Thla 
offset  Is  equal  to  the  absolute  value  of  the  largest  lower  boundary  of  the  variable,  which  allows  all 
Input  Xj's  to  be  positive. 

The  normal  distribution,  in  the  form  of  equation  (126),  reduces  to  a  simple  expression  by  letting 
the  mean  be  zero  and  the  standard  deviation  be  one: 


x T  *  x  .  (192) 


The  END  again  Is  calculated  by  the  algorithm  of  Abramowltz  and  Stegan  described  In  Section  A. 2. 2. 
Since  equation  (192)  Involves  an  END,  equation  (133)  provides  the  estimate  for  the  cumulative 
distribution.  The  plotted  points  for  the  normal  distribution  are  In  the  form  or: 

(V  F~1  *  {U3) 

The  exponential  dlatrlbutlon  la  given  by: 

XT 

F(Xt)  -  1  -  exp  ( - +-)  ,  (199) 


where  6  Is  the  scale  parameter.  Note  that  for  a  shape  (a)  parameter  of  1,  equation  (137)  for  the  Welbull 
distribution  reduces  to  exactly  the  exponential  distribution.  Equation  (199)  is  easily  reduced  to  a 
linear  form, 


xT  •  •  B  In  (1  -  FIX  )). 

For  a  scale  parameter  of  1,  the  inverse  function  F"1  beoomes: 

xT  «  -  In  ( 1  -  P) . 


(195) 


(196) 


Since  equation  (196)  Involves  the  probability,  equation  (132)  provides  the  estimate  for  the 
cumulative  probability.  The  plotted  points  for  the  exponential  dlatrlbutlon  therefore  are  In  the  form  of: 


IX, 


-  In  ( 


N  -  1 


->) 


(197) 


9 . 9 . 9  quantile  Plots  for  Selection  of  CPFs. 
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that  the  empirical  distribution  follows  the  mathematical  distribution.  Usually  only  portions  of  the 
quantile  plot  follow  a  straight  line,  indicating  those  blocks  of  data  which  best  fit  the  distribution. 
The  y-axls  represents  the  first  quantile  for  each  distribution.  For  the  normal  and  exponential 
distributions,  the  first  quantile  is  the  raw  variable.  The  first  quantile  for  the  two  Johnson  curves  and 
the  Welbull  distribution  Is  a  function  of  the  natural  logarithm  of  the  threshold  and  boundary 
conditions.  The  second  quantile  x-axls  plot  Is  a  function  of  the  estimated  cumulative  frequency. 

Figures  8  through  12  show  quantile  plots  for  the  five  test  distributions  using  the  Ypenburg  visual 
extinction  for  0300  MST  February.  The  visual  extinction  was  eventually  modeled  wltn  the  Johnson  single- 
bounded  distribution.  The  0300  MST  curve  fit  has  a  RMS  of  2.89  and  a  RESMAX  of  6.00  percent,  which 
slightly  higher  than  average  for  the  visual  extinction.  The  normal  distribution  clearly  deviates  from  a 
straight  line  and  could  never  be  considered  as  a  model  for  the  visual  extinction.  The  exponential  and 
Welbull  distributions,  although  closer  to  a  straight  line  than  the  normal,  are  still  not  the  best 
choices.  The  two  Johnson  plots  are  similar  in  that  the  central  portion  of  the  data  ^lt  the  distribution 
while  the  upper  and  lower  portions  deviate  considerably .  Choosing  the  beat  distribution  for  the  visual 
extinction  from  among  the  two  Johnson  distributions ,  based  solely  on  the  quantile  plots,  is  impossible. 
In  this  particular  case,  the  quantile  plots  eliminate  several  potential  distributions  and  indicate  those 
distributions  which  require  curve  fitting  to  establish  the  best  modeling  distribution. 

Quantile  plots  can  be  quite  useful  for  ascertaining  which  portions  of  the  empirical  distribution  fit 
a  particular  mathematical  function.  Figures  13  through  17  show  the  quantise  plots  of  the  five  test 
distributions  using  the  Ypenburg  equivalent  aerosol  IR  extinction  8-12  microns  for  0300  MST  February.  All 
of  the  plots  show  the  same  pattern  where  the  test  distribution  can  be  used  to  model  the  lower  three 
fourths  of  the  data.  None  of  the  distributions  can  handle  the  sharp  increase  In  the  CDF  in  the  region 
where  the  Inverse  function  (quantile  2)  nears  one.  Figure  18  shows  an  example  of  this  sharp  Increase  for 
the  equivalent  aerosol  1R  extinction  CDF.  The  quantile  plots  show  that  a  single  curve  fit  cannot  be  used 
to  develop  modeling  coefficients.  An  alternate  approach  Is  to  model  the  upper  portion  of  the  data  with  a 
different  pair  of  coefficients.  This  technique  requires  four  modeling  coefficients  Instead  of  the  normal 
two. 
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Figure  8.  Quantile- Quant  lie  Plot  for  the  T  pen  burg  0300  MST  February  Visual  Extinction  Using  the  Johnson 
Double- bounded  Distribution,  Quantile  1  Is  a  function  of  the  natural  logarithm  of  the  threshold  and 
Quantile  2  is  a  function  of  the  CDF  of  the  distribution. 
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Figure  9.  Quantile-Quantile  Plot  for  the  fpanburg  0300  KST  February  Vlaual  Kilnotlon  Using  the  Jolewon 
Single- bounded  Dlatrlbutlon.  Quantile  1  Is  a  function  of  the  natural  logarithm  of  the  threshold  and 
Quantile  2  la  a  function  of  the  CDF  of  the  distribution. 
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Figure  10.  Quantile-Quantile  Plot  for  the  Ipenburg  0300  HST  February  Vlaual  Extinction  Using  the  Wei  bull 
Dlatrlbutlon.  Quantile  1  Is  the  logarithm  of  the  threshold  and  Quantile  2  is  a  function  of  the  CDF  of  the 
distribution . 
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Figure  11.  Quant  lie- Quantile  Plot  for  the  Tpenburg  0300  KST  February  Vlaual  EiUnction  Using  the  Mortal 
Distribution.  Quantile  1  Is  the  threshold  and  Quantile  2  la  a  function  of  the  CDF  of  the  distribution. 
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Figure  12.  Quantile-Quantile  Plot  for  the  Tpenburg  0300  HST  February  Visual  Extinction  Using  the 
Exponential  Distribution,  Quantile  1  la  the  threshold  and  Quantile  2  Is  a  function  of  the  CDF  of  the 
distribution. 
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PROBABILITY  PLOT  -  JOHNSON  DOUBLE  BOUNDED 
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Figure  13.  Quantile- Quantile  Plot  for  the  l  pen  burg  0300  KST  February  Equivalent  Awoeol  IR  Extinction  8.0 
-  12.0  Mlorona  ualng  the  Johnson  Doubltrbotmded  Distribution.  Quantile  1  la  a  function  of  the  natural 
logarltho  of  the  threshold  and  Quantile  2  Is  a  function  of  the  CDF  of  the  distribution. 
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Figure  It.  Quantile-Quantile  Plot  for  the  Tpenburg  0300  KST  February  Equivalent  Aerosol  IR  Extinction 
8,0  -  12.0  elorona  Ualng  the  Johnson  Single-bounded  Distribution,  Quantile  1  Is  a  function  of  the  natural 
logarithm  of  the  threshold  and  Quantile  2  Is  a  function  of  the  CDF  of  the  distribution. 
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Figure  15.  Quantile-Quantile  Plot  for  the  Tpartburg  0300  HST  February  Equivalent  Aaroaol  1ft  Extinction 
8.0  -12.0  alororta  Using  the  Wei  bull  Dlatrlbutlon.  Quantile  1  le  the  logarithm  of  the  threshold  and 
Quantile  2  Is  a  function  of  the  CDF  of  the  distribution. 
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Figure  16.  Quantile-Quantile  Plot  for  the  Tpenburg  0300  HST  February  Equivalent  Aerosol  1R  Extinction 
8.0  -  12.0  alcrona  using  the  Horaal  Distribution.  Quantile  1  Is  the  threshold  and  Quantile  2  Is  a 
function  of  tn  CDF  of  the  distribution. 
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Figure  17.  Quantile-Quantile  Plot  for  the  T  pen  burg  G300  HST  February  Equivalent  Aerocol  IR  Bxtlnotlon 
8.0  -  12.0  Microns  using  the  Exponential  Distribution,  Quantile  1  Is  the  threshold  and  Quantile  2  Is  a 
function  of  the  CDF  of  the  distribution. 


4.5  Line  Segaent  Modeling. 

4.5.1  Infrared  Cuulatl re  Dlatrlbutlon  Model ln&.  All  attempts  to  model  both  the  empirical 
Infrared  transmission  and  equivalent  aerosol  Infrared  extinction  using  the  standard  modeling  fynotlons 
resulted  in  very  poor  curve  fits.  The  Welbull  distribution  was  the  best  fitting  curve,  but  RMS 
differences  between  the  empirical  and  modeled  CDFs  still  averaged  better  than  fifteen  percent.  The 
probability  plots  described  In  paragraph  4.4  show  that  by  dividing  the  CDF  Into  a  high  transmission  and  a 
low  transmission  portion,  two  different  distribution  functions  can  be  used  to  model  the  data.  This 
generally  Is  not  an  effective  method  of  modeling  because  of  the  difficulty  In  selecting  the  break  point 
for  the  CDF  and  the  increased  complexity  of  the  overall  modeling  effort. 

The  aerosol  extinction  CDF  la  very  asyraetrl  cal ,  with  a  rapid  Increase  In  cumulative  occurrence  as 
the  extinction  values  Increase.  The  CDFs  for  the  IR  transmission  are  similar.  Shettle  et  al .  (1979)  show 
a  similar  comparison  for  visual  and  IR  transmittance  CDFs.  The  Increase  tended  to  be  greater  In  the 
summer  mouths  during  the  afternoons.  This  Is  a  reflection  of  the  smaller  number  of  low  visibility  cases 
during  siunmer  afternoons.  Flgrre  18  shows  the  cumulative  frequency  for  the  July  aerosol  IR  extinction  3.4 
-  5.0  microns  at  0300  MST  (solid  line)  and  1500  MST  (dashed  line).  The  oonverslon  algorithm  for  the 
Barnes  transmission  data  produces  slightly  negative  values  of  equivalent  aerosol  extinction  for  very  high 
transmission  values.  The  increase  In  the  CDF  for  the  morning  extinction  Is  most  rapid  from  0.0  km-1  to 
+.05  km"1.  Figure  19  shows  a  similar  comparison  for  the  January  8.0-12.0  micron  equivalent  aerosol  IR 
extinction.  The  rapid  Increase  In  the  0300  MST  CDF  (solid  line)  again  occurs  in  higher  values  of 
extinction  than  does  the  1500  MST  CDF  (dashed  line).  However,  the  difference  between  the  two  curves  Is 
much  smaller  than  in  the  summertime  case. 
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18.  Cfulatlre  frequency  Distribution  for  Y  pen  burg  July  Equivalent  Awoeol  Extinction  3.H  -  S 
at  0300~reT  (solid  line)  end  1500  H3T  (daahad  line)" 
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19.  Cumulative  Frequenoy  Distribution  For  the  Ypenburg  January  Eq 
2.0  Hlorona  at  0300  NST  (solid  line)  and  1500  KST  ( dan had  line). 


|Ul valent  Aeroeol  IR  Extinction 


In  the  8.0  -  12.0  micron  case,  the  two  extinction  CDFs  cross  near  -.01  km-1.  Nearly  all  the  winter 
months  CDFs  for  both  IR  bands  show  this  crossover,  while  none  of  the  summer  curves  for  either  IR  band 
do.  The  0300  MST  CDF  has  a  slightly  larger  number  of  high  visibility  cases.  Since  nearly  all  the  winter 
hours  show  a  similar  crossover,  a  larger  data  sample  would  probably  show  thl3  same  pattern. 

Since  the  CDF  eventually  chosen  to  model  the  equivalent  aerosol  IR  extinction  must  adhere  to  the 
requirements  presented  in  Paragraph  U .  1  ,  several  potential  but  more  complicated  distribution  functions 
could  not  be  considered  for  modeling  the  EO  variables.  USAFETAC/DND  previously  experienced  a  similar 
problem  In  which  the  RMS  for  a  particular  modeling  distribution  was  too  high.  Llllus  et  al .  (1982) 

developed  a  forward- backward  line  segment  selection  (LSS)  technique  for  USAFETAC  Project  2502.  While  not 
as  precise  as  a  mathematical  function,  the  LSS  can  produce  a  better  duplication  of  the  empirical 

cumulative  distribution  provided  a  sufficient  number  of  line  segments  are  chosen.  USAFETAC/DNY  Initially 
adopted  the  Llllus  et  al.  approach,  but  later  modllfied  the  technique  so  as  to  require  only  one  pass 
through  the  cumulative  binned  values. 

'.5.2  Line  Segment  Kitting,  The  USAFETAC/DNY  line  segment  fitting  technique,  developed  by  Lt  Col 
Pershing  Hicks,  requires  that  the  CDF  be  divided  Into  a  predetermined  number  of  line  segments  based  on  the 
Input  thresholds  and  corresponding  probabilities.  The  y-values  for  each  line  segment  are  obtained  by 
rittlng  the  observed  CDF  to  the  equation  of  a  straight  line  using  standard  linear  regression  (USAFETAC 
subroutine  FTLNSC).  The  regression  for  each  segment  Includes  the  data  points  In  the  following  line 

segment  to  minimize  the  error  of  fit  In  all  succeeding  line  segments.  Trie  Input  thresholds,  which 

represent  abscissa  x-values,  must  be  retained  to  recover  the  y-values  from  the  Inverse  transnormal Izatlon 
process.  The  resulting  ordinate  y-values  for  each  line  segment  are  3tored  In  compacted  form  for  later 
retrieval  In  much  the  same  fashion  as  the  coefficients  for  the  standard  mathematical  functions.  Appendix 
E  describes  the  DNY  line  segment  fitting  technique. 

For  the  Infrared  modeling,  the  line  segment  fitting  routine  uses  28  pairs  of  thresholds  and 
cumulative  probabilities.  Each  line  segment  contains  four  data  points,  giving  a  total  of  nine  line 

segments.  The  first  and  last  points  represent  cumulative  probabilities  of  0  and  100  percent, 
respectively.  Therefore,  only  26  Interior  threshold  values  need  be  given.  The  two  exterior  thresholds 
represent  values  of  the  variable  that  rarely,  If  ever,  occur.  For  example,  the  two  exterior  thresholds 
for  the  equivalent  aerosol  IR  extinction  are  -.2  km"'  and  20  km'1.  If  an  observation  would  fall  outside 
these  boundaries,  the  observation  is  set  to  fall  In  the  la3t  exterior  bln.  The  resultant  (x,y)  end  point 
to  each  line  segment  Is  shared  with  the  beginning  point  for  the  next  line  segment.  Although  not  required 
by  the  line  segment  fitting  routine,  the  (x,y)  value  Is  designed  to  coincide  with  a  theshold  value  x^. 

The  line  segment  fitting  scheme  described  above  produces  ten  (x,y)  data  pairs.  Since  the  first  and 
last  data  pairs  have  been  preselected  to  (Xj.O)  and  (X10,100),  respectively,  only  eight  Interior  y-values 
need  be  calculated  and  stored.  For  tho  equivalent  aerosol  IR  extinction,  these  two  data  pairs  are: 
(-.2,  0.)  and  (20,  100).  The  x-value  thresholds  are  the  same  Tor  all  curve  rits  and  need  not  be 

maintained  with  each  coefficient  file.  To  keep  the  modeling  coefficient  file  similar  to  other  model 
curves,  USAFETAC/DNY  uses  the  y-value  storage  routine  or  Llllus  et  al.  to  compact  the  eight  y-values  Into 
two  computer  words. 

'.5.3  Y -Value  Storage ■  Four  computed  y-values  can  be  conveniently  stored  in  a  single  IBM  143111 
Integer  32-blt  word.  Each  IBM  8-blt  segment  (byte)  can  store  an  Integer  from  0  to  2°-1,  or  255.  If  the 
range  of  computed  y-values  (0  to  100  percent)  la  represented  by  the  Integer  range  of  0  to  250,  a  single 
y-value  can  be  scaled  to  fit  In  each  byte  by  multiplying  the  y-value  by  250  and  keeping  the  Integer 
portion  of  the  result.  This  allows  storage  of  y-values  to  the  nearest  0.2  percent,  with  all  odd  tenths 
being  rounded  up. 

This  scaling  works  only  for  the  three  right-most  bytes,  for  In  the  left-most  byte  the  first  bit  Is 
reserved  for  the  sign.  The  largest  (smallest)  Integer  that  can  be  stored  In  this  byte  is  ±27- 1  or  ±127. 
Therefore,  the  left-most  byte  must  be  scaled  from  -125  to  *125.  To  combine  the  four  scaled  y-values,  the 
left-most  byte  Is  multiplied  by  ,  the  second  by  216,  the  third  by  2  ,  and  the  right-most  byte  by  2  . 
Adding  the  results  yields  a  32-blt  "signed"  binary  number  that  represents  the  four  y-values  to  the  nearest 
0.2  percent  of  the  fitted  y-values.  A  reverse  procedure  allows  recovery  of  the  compacted  y-values. 

Transnormal  Izatlon  Is  by  indirect  methods;  that  13,  an  Intermediate  cumulative  proDabllity  must  be 
calculated  berore  conversion  to  an  END.  USAFETAC  subroutine  PLNSCX  converts  threshold  value  to  a 
cumulative  probability.  USAFETAC  subroutine  EN0RMP ,  described  in  Paragraph  9.2.2,  Is  the  transnormal lzlng 
function.  Likewise,  to  obtain  a  threshold  from  a  simulated  END,  USAFETAC  subroutine  PN0RME  first  converts 
the  END  to  a  cumulative  probability  and  then  USAFETAC  subroutine  XLNSCP  converts  the  probability  to  a 
threshold. 

The  two  Ypenburg  8.0  -  12.0  micron  equivalent  aerosol  IR  extinction  coefficients  for  0200  MST 
February  demonstrate  how  the  compaction  works.  The  ten  (x,y)  data  pairs  are: 
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-.2  -.015  .01  .025  ,0*t  .09  .20  .8  20. 

0.0  .112  .448  .608  .720  .840  .900  .976  1.00 


The  first  and  last  y-values,  0.  and  1.00,  respectively,  are  predefined  and  need  not  be  stored.  The 

first  storable  value  Is  .112  and  will  be  compacted  using  a  scale  of  -125  to  *125.  giving  a  -97.  The 

third,  fourth,  and  fifth  y-values  are  scaled  from  0  to  250  and  yield  112,  152,  and  180. 

Using  the  compaction  multiplication  factors  described  above,  the  four  compacted  values  are: 
-1627389952,  7340032,  38912,  and  180. 

Adding  these  values  gives  a  compacted,  scaled  integer  representing  the  first  four  storage 

y-values:  -1620010820.  A  similar  method  gives  an  Integer  coefficient  of  _1 440408052  for  the  second  four 

storage  y-values.  _  -  -  — z---  -  : 


CHAPTER  S 


COMKLATIOMS  CT  ELECTRO-OPTICAL  AMD 
WTECBOLOOICAL  VARIABLES 


5.1  Correlation  Coefficient.  All  USAFETAC  simulation  moosls  require  the  linear  cross  correlations 
between  variables  or  linear  correlations  of  a  single  variable  with  time  (sometimes  called  temporal, 
serial,  or  auto  correlation).  Slnoe  the  electro-optloal  and  meteorological  variables  are  essentially  a 
continuous  series,  the  Pearson  product-moment  (PPM)  method  for  calculating  linear  correlations  provides 
the  best  estimate  of  the  true  correlation.  The  PPM  correlation  coefficient  also  minimizes  the  standard 
error.  The  PPM  correlation  r  between  two  variables  x  and  y  is  given  by: 

*jr 

i  C(X1  -  x)  (Yt  -  5)] 

rxy  -  -  ■  •  -  -  « < 

/  E  (Xt  -  X)2  J  £  |Y  -  Y)2 

Here  the  means  X  and  Y  are: 


X  -  (l/N)  IX.  Y  -  (t/H)  I  Yj, 
the  standard  deviations  sx  and  sy  are: 

sx  -  C 1 /N  I  (Xj  -  X)]*  .  sy  -  [l/N  E  (Y1  -  Y)]^  ,  (150) 

and  the  oovarlance  of  X  and  Y  is: 

E[(X  -  X)  (Y  -  Y)] 

Cov  (X.Y)  -  - - - jj - - -  .  (151) 


OHS) 


(149) 


A  more  convenient  computational  font  of  tne  PPM  linear  correlation  coerricient  eliminates  prior 
knowledge  of  the  mean: 


N  (E  X  Y  )  -  (I  X  )  (I  Y  ) 

r  -  ■  ,  (152) 

y  [N  (I  Xj  )  -  (I  X^P  •  [N  (I  Yj)  -  (E  Yl)‘f]’» 

where  the  sunmatlon  la  1  .  1,...,N. 

If  the  sample  size  N  is  large  and  X  and  Y  are  relative  large  numbers  with  meins  not  equal  to  zero, 

equation  ( 1  h9 )  can  nave  considerable  computational  round-off  error.  The  amount  of  error  depends  on  the 

number  of  significant  digits  retained  on  a  particular  computer  system.  To  alleviate  this,  the  raw 

variables  are  transnormal l zed  before  calculating  the  linear  correlation.  This  results  in  a  two-fold 

improvement  In  the  oorrelatlon  process.  First,  the  variables  are  now  normally  distributed.  The  means 
should  equal  zero  and  the  standard  deviation  should  equal  one,  which  considerably  reduces  the  round-off 
error.  Second,  many,  but  not  all,  non-linear  effects  are  taken  Into  account  (Boehm,  1976).  A  continuous 
one-to-one  relationship,  as  we  have  In  the  OPAQUE  data  base,  will  become  quasl-llnear  if  both  variables 
are  transnormal lzed. 

5.2  Correlation  Coefficient  Development,  Original  correlation  development  centered  on  grouping  3 
consecutive  hours  of  observations  together  to  Increase  the  number  of  observations  evaluable  for  generation 
of  the  transnormallzing  function.  Since  the  observations  are  In  local  solar  time,  tests  for  solar 
influenoe  Involved  different  observation  groupings.  However,  from  previous  modeling  with  several  of  the 
meteorological  variables,  the  grouping  significantly  reduoes  the  serial  oorrelatlon.  This  is  particularly 
true  with  any  variable  that  involves  temperature;  e.g.,  dewpoint,  equivalent  aerosol  IR  extinction,  where 
the  err  or  was  as  much  as  20  percent.  Unlike  some  variables  such  as  oloud  cover,  which  13  not  subject  to 
many  sudden  changes,  temper  at  u-e  routinely  rises  and  falls.  Thus,  any  grouping  returns  an  average  of  the 
3  hours  and  may  not  be  representative  of  any  hour  In  the  grouping. 

There  Is  reason  to  suspect  the  correlations  In  the  remaining  meteorological  and  electro-optical 
variables  as  well.  Transnormallzing  functions  and  serial  correlations  are  therefore  more  reliable  using 
1-hour  time  bins  for  eaoh  month.  The  Increase  In  the  number  of  transnormallzing  coefficients  for  1-hour 
time  bins  is  more  than  offset  by  the  Improvement  In  the  serial  correlation. 
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5.3  Effect  of  Ran  doe  Error  on  Correlation  Coefficients 


5.3.I  Ran  doe  Err  ora  of  Obaervatlon.  A  subtle,  t-t  potentially  more  damaging  effeot  on  the 
correlation  coefficient  le  that  of  random  observation  error.  Every  observation  la  subject  to  some  random 
error  In  the  actual  observation  measurement  and  In  mathematical  processing  of  the  meaaired  quantity.  For 
the  elements  in  the  OPAQUE  data  base,  this  includes  a  numbsr  of  potential  sources  for  random  error. 
Measurement  errors  can  be  systematic  and  accidental  measuring  errors,  such  as  sensor  calibration  errors 
and  measurements  spread  over  an  observation  period.  Mathematical  processing  errors  are  of  two  types. 
First,  there  are  errors  in  transcribing  and  reporting  the  observation  for  data  reduction  and  tape 
storage.  Seoond,  there  are  errors  In  preparing  the  observations  for  analyst?.  These  include  errors  In 
deriving  new  variables  such  as  the  equivalent  aerosol  IR  extinction,  In  building  the  emulative 
distributions,  in  deriving  the  coefficients  that  model  the  cumulative  distributions,  and  In  building  the 
Slmul  atl'  n  model . 

A  quantitative  estimate  of  the  relative  error,  although  not  a  precise  measurement,  can  be  used  to 
assess  the  usefulness  of  the  data.  The  Format  Specifications  for  OPAQUE  Data  Bank  Tapes  (1981)  defines 
the  relative  error  as: 


Relative  Error 


(measured  value  -  correct  value) 
measured  value 


(153) 


The  Ypenburg  group  has  provided  relative  errors  for  the  optical  and  lnfre-ed  transmissions.  Toe 
reliability  of  the  optical  and  Infrared  data  is  oonsldered  good  .(reliability  code  #)  based  on  repeated 
Instrument  calibrations.  The  relative  error  of  the  data  Is  below  53  (23  for  the  IR  transmlssometer ) , 

which  is  acceptable  for  developing  both  serial  and  cross  correlations.  Although  most  of  the  man-made 
disturbances  such  as  people  and  vehicles  hav9  been  removed,  there  may  be  a  few  observations  that  still 
retain  these  disturbances. 


5.3.2  Error  In  Correlation.  By  aasuning  all  the  OPAQUE  observations  contain  error,  the  linear 
correlation  between  two  variables  or  the  serial  correlation  of  a  single  variable  can  be  expressed  as  ths 
product  of  the  measured  correlation  and  an  error  term.  Brooks  and  Carruthers  (1953)  expands  the  basic 
equation  of  correlation  to  show  that  the  actual  correlation  Is  larger  than  the  correlation  from  the 
measured  data  (derived  In  Appendix  F): 


a  B 


xy 


0  0 

x  y 


af 


(15#) 


I  where  X  and  Y  are  measured  variables  whose  random  errors  are  d  and  e  respectively,  a  and  B  are  the 

deviations  of  the  observed  values  from  their  means,  and  0  Is  the  standard  deviation  for  x,  y,  a,  B. 

i  Tne  difference  between  the  correlation  corrected  for  random  errors  of  observation  and  the  measured 

1  correlation  can  be  simply  expressed  as: 


I 

1 


(155) 


where  p  Is  the  measured  correlation,  pe  is  the  correlation  of  random  error,  and  pc  Is  the  corrected 
correlation.  Since  there  Is  random  error  In  both  the  X  and  Y  variables,  the  random  error  term  Is  the 
product  of  uwo  randan  errors  of  observation: 


p  p  p 

ex  ey  c 


(156) 


5.1  Serial  Correlation. 


5.4.1  Harkov  Model  Aasieptlon.  For  an  autoregressive  (AR),  first-order  Markov  model,  the  serial 
correlation  p  (correlation  In  the  t-dlmenslon)  follows  an  exponential  decay: 


P  -  Pi 


ndt 


exp 


-Cnfit 


(157a) 

(157b) 
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where  p,  is  the  serial  correlation  of  unit  or  time,  n  Is  the  number  of  time  steps,  and  B  Is  the 
autocorrelation  coefficient  {see  Appendix  A).  Therefore,  for  a  Markov  model,  simulated  observations 
spaced  At  units  apart  will  have  a  correlation  p4t, 


A  9llghtly  different  form  to  aid  In  computing  a  serial  correlation  based  on  a  known  exponential  Is: 


Since  the  USAFETAC  simulation  models  are  based  on  the  Markov  model,  the  existing  USAFETAC  models  can 
be  employed  If  the  serial  correlations  of  the  OPAQUE  variables  follow  an  exponential  decay.  Othe~wlse, 
new  models  need  be  developed. 

5. A. 2  Combining  Correlation  Coefficients.  Serial  correlations  for  each  of  the  OPAQUE  variables 
were  computed  using  time  lags  of  1,  2,  3.  6,  9,  12,  18,  2A,  36,  and  A8  hours.  To  calculate  the  serial 
correlation  for  a  particular  variable  for  a  particular  month,  the  A  years  of  data  for  that  month  (say  A 
Aprils)  are  arranged  chronologically.  At  this  point,  two  avenues  are  possible.  The  most  straightforward 
one  Is  to  place  a  pad  of  50  null  observations  between  each  month’s  data,  which  corrects  for  the  false 
correlation  produced  between  the  last  observation  of  one  month  and  the  first  observation  of  the  next 
month.  This  accounts  for  the  chronological  break  between  the  2  months,  and  allows  for  serial  correlations 
with  time  lags  out  to  A8  hours.  Ths  observations  are  then  converted  to  equivalent  normal  deviates  (ENDS) 
using  the  appropriate  transnormal  1  zing  function. 

This  method  of  combining  correlation  coefficients  works  satisfactorily  In  most  caces.  However,  If 
the  mean  of  one  of  the  years  Is  slgnlf lcantly  higher  or  lower  than  the  mean  of  the  other  3  years,  the 
resulting  serial  correlation  coefficient  will  be  affected.  This  problem  is  further  magnified  when  the 
number  of  observations  In  each  month  vary  from  year  to  year.  Both  the  variance  and  eova. 'lance  are 
affected,  as  can  be  seen  from  the  simplified  two  variable  sample  correlation  coefficient  rt  , 


(160) 


where  the  correlation  Is  calculated  between  the  observation  at  time  t  and  at  t  ♦  At  later. 

To  correct  for  this  over  or  under  estimation  of  the  true  correlation,  the  correlations  can  be 
combined  using  the  Fisher  Z’  transformation.  The  serial  correlation  for  each  of  the  A  years  Is  first 
converted  to  a  Fisher  7.’  transf ormatlon.  A  weighted  mean  of  the  four  Z’  transformations  Is  then  converted 
back  to  a  serial  correlation.  The  applicable  form  of  the  Fisher  Z’  transformation  Is  (Brooks  and 
Carruthers,  1953): 


Z’  -  .5  [In  (1  ♦  r)  -  In  (1  -  r)].  (16'  ) 


The  transformation  has  two  convenient  properties  whlrh  will  be  useful  later.  First,  the 
transformation  has  a  nearly  normal  distribution  with  ?  mean  of: 

uz  •  0.5  In  (~4-£)  ,  (1C2) 

and  second,  the  transformation  has  a  standard  error  of: 

oz  -  1  /  /  "N  ~-_3  .  (163) 

The  goodness  of  these  approximations  Increases  with  small  absolute  values  of  p  and  with  larger 
sample  size  of  N. 

The  Individual  transformations  are  weighted  according  to  theli-  contributions  to  the  A  years  of  data 
with  the  weights  being  oroportlonal  to  1  /  c,,  ;  l.e.,  to  N  -  3*  The  weighted  Z’  transformations  are 
then  combined  into  a  total  Z’  tranoformatlon  (Brooks  and  Carruthers,  1953), 
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Nj  and  Zj'  are  the  number  of  observations  and  the  Fisher  Z'  transformations  for  the  yesra  1-1,2, 
3,  H  respectively.  / 

For  transformation  baok  to  correlation  space, 

r  ~  expT2~zf'~  •  (165) 

The  inverse  Fisher  Z' -transformation  oan  also  be  expressed  In  the  form  of  the  hyperbolic  tangent. 
Multiplying  the  numerator  and  denominator  of  equation  (16b)  by  e”z  gives: 

ez  -  a‘z 

r  -  - - —  (166) 

ez  ♦  e’z 

*  Tanh  (z1) 

Figures  20  and  21  show  the  serial  correlations  for  the  January  visual  extinction  and  July 
temperature.  The  correlations  use  the  60  observation  pad  between  the  months.  The  deoay  for  the  visual 
extinction  Is  fairly  smooth,  while  the  temperature  decay  shows  a  rise  at  24  and  48  hours.  Since  the 
correlations  are  of  equivalent  normal  deviates  Instead  of  the  raw  variables,  moat  of  the  diurnal  ohange 
should  have  been  removed  during  transnormallzatlon.  The  temperature  correlation  rise  at  24  and  48  hours 
is  most  likely  due  to  strong  synoptlo  oontrolsi  e.g.,  frontal  systems,  oloud  cover.  Any  OPAQUE  variable 
containing  temperature  exhibited  a  similar  rise.  For  example,  the  equivalent  IR  aerosol  extinction  shows 
a  similar  rise  at  24  and  48  hours  sinoe  temperature  is  used  in  oaloulatlon  of  the  extinction.  Therefore, 
computation  of  the  decay  function  Includes  aerial  correlations  only  out  to  24  hours. 
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Figure  20.  Serial  Decay  for  the 
I  pen  burg  January  Visual  Extinction. 


Figure  21.  Serial  Decay  for  the 
YpenDurg  July  Temperature. 
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Tables  12  and  13  oontaln  the  eaae  serial  correlation  based  on  the  50  observation  pad  as  Figures  20 
and  21.  In  addition,  the  table  lnoludes  the  correlations  for  eaoh  separate  year  and  the  number  of 
observations  used  as  a  weighting  faotor.  Finally,  the  table  gives  the  serial  correlation  based  on  tne 
weighted  Fisher  Z'  transformation.  The  first  combination  teohnlque  tends  to  be  fairly  close  to  the 
weighted  Fisher  V  transformation  for  tine  lags  leas  than  3  hours,  but  the  Fisher  Z'  transf oraatlon  Is 
definitely  better  as  time  lags  Increase. 


TABLE  12,  Serial  Correlation  for  T  pen  burg  January  Visual  Extinction  (kb'1). 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

.8992 

.8366 

.7958 

.69AA 

.6231 

.5823 

.4717 

.3728 

YEAR  1 
•  WF 

.8990 

703 

.8517 

700 

.8115 

696 

.6987 

637 

.5775 

681 

.4977 

675 

.3616 

666 

.2681 

661 

YEAR  2 

WF 

.8669 

717 

.8011 

71  A 

.7356 

71  A 

.  637A 
710 

.5658 

707 

.5070 

705 

.3553 

699 

.2402 

693 

YEAR  3 

WF 

.9031 
71  A 

.8299 

712 

.7796 

710 

.6538 

70A 

.54A9 

698 

.4940 

692 

.3291 

680 

.2215 

668 

YEAR  A 

WF 

.8556 

716 

.7995 

715 

.762  A 

71  A 

•  6A30 

71 1 

.5876 

711 

.5638 

708 

.4748 

705 

.3565 

693 

FISHZ 

.3827 

.8216 

.7735 

.6586 

.5692 

.5165 

•  3823 

.2729 

TABLE 

13.  Serial 

Correlation  for  July  I  pen  burg  Temperature 

ec). 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

.961  A 

.9088 

.8526 

.6860 

.5600 

.5064 

,5612 

.5984 

YEAR  1 

WF 

.95A8 

7A3 

.8972 

7A2 

.3A01 

7A1 

.  668A 
738 

.5714 

735 

.5412 

732 

.5397 

726 

.5406 

720 

YEAR  2 

WF 

.9AA5 

617 

.8700 

61A 

.7890 

611 

.5A32 

601 

.3*108 

592 

.3002 

583 

.4333 

565 

.4212 

547 

YEAR  3 

WF 

.  9A93 
7A1 

.8789 

7A0 

.801  A 
739 

.5227 

736 

.3881 

733 

.2957 

730 

.3830 

724 

.4841 

718 

YEAR  A 

WF 

.9680 

716 

.9215 

71  A 

.8706 

712 

.7222 

706 

.6072 

700 

.5380 

694 

.5982 

682 

.6428 

670 

FISHZ 

•  955A 

.  8  9  A  A 

.8293 

.6351 

.4904 

.4315 

.4950 

.5313 

5. A. 3  Correction  for  Nandoa  Error  of  Observation,  By  assuming  a  first-order  Markov  model  that 
has  observation  error-,  the  measured  serial  correlation  can  be  expressed  as  the  product  of  the  total  randan 
error  correlation  and  the  actual  correlation  at  time  lag  t, 

P< t)  -  p#2  pl  .  (167) 

The  total  serial  correlation  can  be  broken  down  Into  two  terms  Involving  the  linear  coefficients  A 
ar.t)  b.  From  equation  057b),  p(t)  can  be  expressed  in  terms  of  the  exponential  regression  coefficients  A 
and  B, 


p  (t)  -  exp  [A  ♦  BtJ  .  O681 


Equation  165  can  be  readily  solved  for  the  coefficients  A  and  B  using  standard  regression 
technl  ques; 


However,  equation  (166)  minimizes  the  sun  of  the  square  of  In  p(t)  rather  than  p(t).  To  correct  for 
this,  a  weighted  linear  technique,  developed  by  Lt  Col  Pershing  Hicks,  Jr.,  ( USA  FETA C/DNY) ,  modifies  the 
least  squares  fit  to  minimize  the  error  In  p(t.)  space: 

mln  I  [  p  (lnp  -  A  -  Bt)]2  ,  (170) 


where  the  coefficients  A  and  B  are  still  determined  by  linear  regression  (see  Appendix  E). 

The  combined  Fisher  L'  serial  correlations  for  the  eight  time  lag  periods  are  the  inputs  to  the 
linear  regression  scheme.  Appendix  0  contains  the  serial  correlations  for  the  individual  years,  all  years 
combined,  the  Fisher  Z  combination,  and  the  straight  linear  regression.  Appendix- H  contains  the  A  and  B 
regression  coefficients  for  each  meteorological  and  electro-optical  variable.  Table  Ik  contains  the  roct- 
roean-squar*  (RMS)  difference  between  the  observed  and  model  distributions  for  the  ICm  wind  speed  and 
relative  humidity.  The  10m  wind  speed  represents  the  lowest  and  relative  humidity  the  highest  RMS  values 
for  the  nine  variables  modeled.  The  size  of  the  A  and  B  coefficients  have  no  relationship  to  the  RMS 
value  or  the  amount  of  observation  error  associated  with  the  variable. 


TABLE  1  A.  Linear  Regression  RMB  (J)  Difference  Between  the  Observed  and 
Modeled  Distribution  for  Random  Error  of  Ypenburg  10m  Hind  Speed  and 

Relative  Htaldlty.  The  Modeled  Distribution  Assumes  a  First-Order  Markov 
Process  that  has  Observation  Error. 


10M  WIN  DSP 

RH 

ICM  WIN  DSP 

RH 

W; 

JAN 

079? 

3.11 

JUL 

274? 

19.07 

V  **• 

FEB 

0.65 

1 .64 

AUG 

0.83 

16.87 

*  » 

MAR 

0.61 

7.45 

SEP 

3.53 

i  3.91 

K*! 

APR 

3.25 

.85 

OCT 

0.65 

8.11 

AT 

MAY 

4.18 

1  3.61 

NOV 

2.0? 

7.09 

*■ 

JUN 

7.02 

16.01 

DEC 

2.58 

4.7k 

1 

Not  surprisingly,  the  variables  with  the  least  error  In  observation  generally  show  the  least 
Improvement  In  serial  correlation.  Table  15  shows  the  January  visual  extinction  and  the  July  temperature 
examples  previously  used.  Nevertheless,  these  Improvements  are  significant.  From  modeling  efforts 
associated  with  previous  projects,  the  1-hour  serial  correlation  ahould  be  near  .945  for  visibility 
(equivalent  to  visual  extinction)  and  .980  for  temperatu-e.  For  temperature,  this  compares  with  the  .955, 
.873,  and  .968  obtained  by  the  Fisher  Z'  combination,  the  linear  regression,  and  the  linear  regression 
plus  correction  for  observation  error  (exp  B)  respectively.  Likewise,  for  visual  extinction,  the  values 
for  these  three  calculations  are  .883,  .865,  and  .952  respectively.  While  the  Fisher  Z'  combination 
compares  favorably  with  the  exp  B  and  the  expected  1-hour  temperature  serial  correlations ,  the  exp  B  1- 
hour  serial  correlation  for  visual  extinction  Is  clearly  better.  For  other  variables  subject  to  larger 
random  error  of  observation,  the  exp  B  provides  a  superior  model  over  the  Fisher  Z'  combination  and  the 
standard  linear  regression  model. 


m 


TABUS  15.  Serial  Correlation  Regression  Coefficients  for  the  Ypenburg  January  Visual 
Extinction  and  July  Teeperature. 

JANUARY  VISUAL  EXTINCTION 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

FISHZ 

.8827 

.8216 

.7735 

.6586 

.5692 

.5165 

.382  3 

.2729 

REGRESSION 

.8648 

.82  30 

.7833 

.6751 

.5819 

.5015 

.3715 

.2768 

A  -  -.0957 

exp  A  - 

.9087 

B  -  -.0495 

exp  B  - 

.9517 

JULY  TEMPERATURE 

FISHZ 

.9554 

.6944 

.8293 

.6351 

.4904 

.4315 

.4950 

.5313 

REGRESSION 

.8733 

.8453 

.8183 

.7422 

.6732 

.6106 

-5023 

.4132 

A  -  -0.1030 
B  -  -0.0325 


exp  A  •  .9022 
exp  B  -  .9680 
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The  one  tour  equivalent  aerosol  IR  extinction  linear  regression  serial  correlation  varies 
considerably.  In  the  3.4 -5 . 0  micron  band,  values  range  from  a  low  of  .*131  for  June  to  a  high  of  .756  for 
October.  The  .756  correlation  is  far  below  the  expected  values  of  .900  -  .980.  By  comparison,  the  June 
and  October  exp  B  values  are  .885  and  .928  respectively.  For  the  8.0  -  12.0  micro  band,  values  range  from 
a  lew  of  .482  for  August  to  high  of  .680  for  February.  The  corresponding  exp  B  values  are  .935  and  .905 
for  August  and  February  respectively.  The  separation  of  tne  linear  regression  Into  a  coefficient  of  error 
of  observation  and  a  coefficient  of  actual  correlation  Is  again  the  superior  model. 

5.4.4  T early.  Monthly,  and  Seasonal  Correlation.  With  the  assumptions  that  each  observation 
contains  random  error  and  the  corrected  serial  correlation  follows  a  first-order  Markov  exponential  decay, 
the  total  serial  correlation  can  be  expressed  as  the  «um  of  two  linear  regression  coefficients  A  and  B 
(equation  168), 

p(t)  •  exp  [A  ♦  Bt]. 

Coefficient  A  represents  the  serial  correlation  due  to  random  error  of  observation  while  coefficient 
B  represents  the  corrected  (with  random  error  of  observation  removed)  serial  correlation.  The  sum  A  ♦  Bt 
Is  tne  coefficient  for  the  total  measured  serial  correlation.  Applying  the  coefficients  A  and  B  to  B  in 
equation  (A-5)  of  Appendix  A,  where  p,  Is  the  correlation  at  unit  time,  gives  the  serial  correlation  for 
each  coefficient, 

p  -  (e  )  (lil) 


Equation  (172)  provides  the  monthly  values  for  the  serial  correlation  for  each  of  the  EO/Met 
variabl  es . 

There  are  three  serial  correlation  options  available  for  the  EO/Met  simulator:  monthly,  seasonal, 
and  yearly.  The  monthly  soria1  correlation  option  allows  12  exponential  decays  for  each  EO/Met 
variable.  The  seasonal  option  combines  three  months  of  serial  correlations  using  the  weighted  Fisher  Z- 
transrormatlon  similar  to  equation  (164).  For  continuity  with  other  analyses  of  the  OPAQUE  data,  the 
winter  season  uses  the  December,  January,  and  February  data.  The  spring,  summer,  and  fall  seasons  follow 
accordingly.  The-  yearly  aerial  correlation  again  uses  the  weighted  Fisher  Z-tranaformatlon  to  combine  the 
12  months  of  serial  correlations.  The  weighting  factors  are  the  number  of  observations  In  the  one  hour 
serial  decay.  Tne  90  percent  confidence  level  of  each  correlation  is  used  to  test  the  applicability  of 
each  option  as  a  serial  correlation  model. 

If  the  population  correlation  of  eaoh  variable  Is  p  and  the  sample  correlation  la  r,  then  90  percent 
of  the  sample  correlation  coefficients  drawn  from  the  population  will  fall  between  the  90  peroent 
confidence  limits  of  p.  Thus,  from  a  single  value  of  r  within  these  limits,  one  can  Infer  only  a  10 
percent  risk  of  error  that  the  population  correlation  is  p.  More  precisely,  there  Is  only  a  10  percent 
risk  that  r  la  not  significantly  different  from  p.  To  apply  the  confidence  levels  to  the  sample 
correlation,  the  correlation  coefficients  must  be  corrected  for  sampling  variability. 

The  ENDs  generated  from  the  raw  variables  have  a  normal  distribution.  However,  the  distribution  of 
the  correlation  of  two  variables,  whether  a  cross  or  serial  correlation,  generally  Is  not  normal.  The 
distribution  of  the  sample  correlation  coefficient  r  does  approach  normality  as  the  sample  size 
Increases.  This  approach  to  normality  depends  not  only  on  sample  size  but  on  the  value  of  the  population 
correlation  p.  If  the  samples  are  drawn  from  a  population  for  which  p  -  0,  the  distribution  approaches 
normality  rather  slowly  as  the  sample  size  Increases.  If  the  samples  are  from  a  population  for  whloh  p  * 
0,  the  distribution  Is  very  skewed.  When  p  is  greater  than  zero,  the  skewness  tends  toward  the  left  with 
high  values  being  relatively  more  probable  than  lower  values.  The  skewness  Is  reversed  for  p  less  than 
zero.  This  complicated  dependency  of  the  sampling  distribution  of  r  or.  the  value  of  p  makes  it  Impossible 
to  employ  the  normal  distribution  directly.  The  Fisher  Z-transformatlon  (equation  (161)),  originally 
developed  for  a  bivariate  normal  population,  converts  the  sample  correlation  to  a  nearly  normal 
distribution . 

If  the  sample  correlation  coefficient  r  Is  computed  from  Independent  data,  the  statistic  Z  has  a 
nean  uz  and  standard  deviation  oz, 


u.  -  .5  in  - -  , 

Z  1  -  p 


✓  i7(N-3) 


n.  n  f/  >  fcjk  r  *1  Na  girt 
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However,  the  observations  of  each  variable  are  not  Independent,  that  is,  the  observations  are 
correlated  (p  4  0).  Equation  (60)  of  the  AWS  Guide  for  Applied  Climatology  provides  a  correction  for  the 
serial  dependency  in  the  time  series  of  observations: 

N'  -  N  (i-^-£)  ,  (179) 

■  ♦  P 

where  N'  is  the  effective  number  of  independent  observations  in  a  sample  size  N.  Hie  standard  deviation 
in  equation  (173)  becomes: 


az  -  /l  /'(n1  -eT  . 


(175) 


The  90  peroent  confidence  limits  in  Z  are: 


2..  -  Z  ♦  1.6498  o  0  76) 

u  z 

Z  -  Z  -  1.6998  o,  .  (177) 

L  Z 


The  inverse  Z-transfonmatlon  (Tanh(Z))  oonverta  the  confidence  limits  in  Z-space  to  the  confidence 
limits  in  p  spaoe  (equation  (166)). 

Figure  22  shows  the  monthly,  seasonal,  and  yearly  serial  correlations  and  90  percent  confidence 
levels  in  Z  transformation  space  for  visual  extinction.  The  visual  extinction  plots  have  the  moot  orderly 
monthly  changes  of  any  of  the  EO/Met  variables.  The  confidence  intervals  become  progressively  smaller  for 
the  seasons  and  the  year,  as  oan  be  seen  from  equation  (175).  The  effective  number  of  observations  N'  for 
January,  the  winter  season  and  the  years  are  70,  82,  and  826  respectively.  The  yearly  90  percent 
confidence  Interval  contains  at  least  scr.e  portion  of  the  90  peroent  monthly  Intervals,  although  several 
months  are  borderline  oases. 


FISHER  2  TRANSFORMATION 


Figure  23  shows  the  monthly,  seasonal,  and  yearly  serial  correlations  and  the  90  percent  confidence 
levels  In  Z-transformatlon  space  for  temperature.  The  oonth-to-raonth  temper  a  tire  pattern  has  the  most 
erratic  changes  of  any  EO/Met  variable.  The  90  peroent  yearly  confidence  limit  completely  misses  April 
and  Just  barely  touches  the  90  percent  lower  oonfldence  limit  of  two  other  months.  In  addition,  the 
yearly  serial  correlation  oomblnes  the  weighted  average  of  high  and  low  extrsmee,  thus  misrepresenting  the 
monthly  values. 


Figure  23.  Monthly,  Seasonal ■  and  Yearly  Serial  Correlations  and  the  90  Percent 
Confldenoe  Limits  In  Z'  -Transformation  Spaoe  for  the  I pen  burg  Temperature. 


Figure  2 *4  shows  the  monthly,  seasonal,  and  yearly  serial  correlations  ar.d  the  90  percent  oonfldence 
levels  In  the  Z-transformatlon  space  for  the  aerosol  equivalent  1R  extlnotlon  (8.0-12.0  micron  band).  The 
nonthly  pattern  la  between  the  smooth  transition  of  visual  extlnotlon  end  the  fluctuating  pattern  or 
temperature.  However,  Maroh  still  misses  the  yearly  90  peroent  upper  confidence  limit.  With  the  seasonal 
option,  April  definitely  does  not  fit  In  the  same  pattern  as  the  other  spring  months.  If  the  data  base 
were  considerably  longer  than  4  years,  this  outlier  might  not  exist.  This  partloular  problem  points  out 
the  deficiency  In  using  the  monthly  values  of  serial  correlation.  The  small  number  of  years  In  the  data 
base  may  be  responsible  for  the  large  changes  in  the  montlily  ranges.  Both  the  seasonal  and  yearly  options 
provide  better  estimates  of  aerial  correlation  than  the  monthly  option.  Therefore,  both  the  seasonal  and 
yearly  option  will  be  available  for  the  EO/Met  simulator. 


Figure  24.  Monthly,  Seasonal,  and  Yearly  Serial  Correlation  and  the  90  Peroent  Confidence  Limits 
In  Z’ -Transformation  Spaoe  for  the  Vpenburg  Equivalent  Aerosol  IR  Extlnotlon  8.0  to  12.0  Mlaronw. 
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5.5  Cross  Correlation. 

5.5.1  Simulated  Distributions  of  Croaa  Correlatlona.  The  correction  for  random  error  of 
observation  can  also  be  applied  to  the  croas  correlation  of  two  EO/Met  variables.  Assuming  the  Harkov 
model  exponential  decay,  equation  (167)  can  be  written: 


»m(t) 


p  p  p 

ex  ey  c 


(178) 


where  p  Is  the  measured  serial  correlation,  pc  to  the  serial  correlation  corrected  for  random  error  of 
observation,  and  pex,  p9y  are  the  correlations  of  random  error  for  the  variables  X  and  X  respectively. 
Then  the  corrected  serial  correlation  at  time  t  can  be  expressed  as: 


t 


P 
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Pm(t) 

m _ 

P  P 
Kex  ey 


(179) 


Equation  (179)  Involves  the  product  and  quotient  of  normal  random  variables.  This  Is  more 
complicated  than  the  multiplication  case  of  the  serial  correlation.  If  X  and  X  represent  the  two  normal 
random  variables,  then  Z  Is  the  product  or  quotient  of  two  normal  random  variables: 


Z  -  XX  and  Z  -  ~  .  O  80) 

In  general,  the  resulting  Joint  probability  density  function  fz(Z)  Is  not  a  normal  distribution. 
Furthermore,  the  Joint  probability  density  function  (PDF)  resulting  from  the  second  mathematical  operation 
has  relatively  little  chance  of  having  a  normal  distribution. 

The  product  case  In  equation  (180)  Is  very  similar  to  the  serial  correlation  In  Section  where 

the  distribution  of  the  sample  correlation  r  is  skewed  to  the  left  or  right,  depending  on  the  sign  of  r. 
R.  A.  Fisher  developed  the  Z-transf  ormatlon  (equation  (161))  for  a  bivariate  normal  distribution  to 
correct  this  skewness  to  a  nearly  normal  distribution.  Equation  (17*0  involves  three  random  variables 
rather  than  the  two  of  the  serial  correlation  oorrection.  The  mathematical  solution  for  the  multivariate 
oase  is  to  solve  the  product  and  quotient  portions  separately. 

Meyer  (197b)  presente  PDFs  Tor  the  produots  and  quotients  of  random  variables.  If  X  and  X  are  the 
two  random  variables  with  a  Jo'nt  PDF  of  fxy  such  that  Z  -  g(X,X),  then  the  cumulative  distribution 
function  Fz(z )  IS: 


F  <z)  -  jj  f  (X.X)  dx  dy,  (181) 

L  A  J 

where  the  Integration  Is  In  the  X-X  plane  with  g(X,X)  <  Z.  For  the  case  of  the  ratio  of  two  random 
varlaoles  Z  •  X/X,  the  Joint  PDF  fz  Is: 

fxy  fxy  (xHr)  dx  (,82a) 

-  I!.  fxy  |y|  fxy  (yt.x)  dy  •  (182b) 

For  the  product  of  two  random  variables  Z-XX,  the  Joint  PDF  Is: 

f  -  f  f  (x  , - )  i — r  dx  ( 1 83a ) 

z  '-<*  xy  x  |x| 

-  f”  f  (— ^— ,  y)  -T-J-r  dy  .  (183b) 

xy  y  |y| 


If  the  random  variables  X  and  X  are  statistically  Independent  with  known  probability  densities,  then 
equations  (182)  and  ( 1  83 )  can  be  evaluated.  For  the  Independent  normal  randan  variables  X  and  X  which  are 


distributed  [0,1]  and  have  PDFs  of: 
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f  (x) - exp  (-  -~) 

*  ✓'27  £ 


1  2 
■—  exp  (-  -|-)  . 
/2x  * 


(189a) 


(189b) 


respectively,  Davenport  (1970)  gives  the  Joint  PDF  for  quotient  Z-X/X  as: 

f  (z)  -  - - — =-  .  085) 

Z  x(1  ♦  zd) 

Equation  085)  lb  the  Cauchy  distribution,  which  has  a  mean  but  an  indefinite  standard  deviation. 
The  multiplication  case  oamot  by  analytically  solved.  An  alternate  method  is  to  separate  equation  (179) 
Into  two  quotients, 

,  Pm(t)  i 

p*  -  -2 -  .  —  .  086) 

CD  P 

Fex  Key 

The  resultant  p£  is  the  product  of  two  Cauchy  distributions,  which  again  cannot  be  analytically 
solved. 

The  best  approach  at  this  point  is  to  simulate  the  distribution  of  equation  (179).  The  simulated 
distribution  uses  the  general  form  of  the  normal  equation, 

"  X  -  M 


where  X  is  the  normal  deviate,  x  is  a  generated  random  normal  number  distributed  [0,1],  SD  is  the 
simulated  standard  deviation,  and  M  is  the  simulated  mean.  The  distribution  simulator  generates  a  normal 
deviate  X  for  each  correlation  using  Equation  (186),  with  the  three  X  values  being  input,  to  equation 
(179). 

The  initial  values  for  the  simulated  distribution  model  are  the  measured  cross  corre)  1  ons  between 
two  variables  pex,  p@y.  The  simulated  means  Mj  are  the  correlations  oonverted  to  Fisher  -  apace  using 
equation  (161),  wh-^e^the  simulated  standard  deviations  SDl  follow  from  equation  (163).  Since  dependency 
exists  in  each  term  of  equation  (179),  the  simulated  standard  deviation  must  be  oonverted  to  the  effective 
number  of  observations  N’  using  equation  (179).  USAFETAC  subroutine  RANDBM  generates  three  random  normal 
numbers  distributed  [0,1],  The  three  simulated  normal  deviates  Xl  are  combined  in  Z- space  into  a 
simulated  pc  using  equation  (179).  Equation  (166)  allows  allows  conversion  to  correlation  spaoe.  This 
process  is  repeated  a  sufficiently  large  number  of  times  to  converge  on  the  actual  correlation. 

5.5.2  Correction  for  Random  Error  of  Observation.  The  correction  term  for  random  error  of 
observation,  when  applied  to  the  cross  correlations,  can  be  significant.  However,  quantitative  estimates 
of  the  actual  correlation  can  be  made  only  if  the  random  errors  are  entirely  independent  of  each  other 
and  of  the  variables  X  and  X.  The  terras  involving  these  errors  are  assumed  to  be  zero  for  the  independent 
case,  but  will  increase  pc  if  the  random  errors  are  correlated  with  each  other  or  with  tne  variable 

themselves  (see  Appendix  E).  The  corrected  correlation  of  two  highly  dependent  variables,  e.g.,  aerosol 

equivalent  IR  extinction  for  the  3.9  to  5.0  and  8.0  to  12.0  micron  bands,  will  give  a  cross  correlation 

greater  than  one.  Under  the  test  conditions  these  error  terms  oould  be  determined  and  the  corrected  cross 

correlation  calculated.  Therefore,  the  correction  for  random  errors  of  observation  can  be  applied  only  to 
those  variables  whose  random  errors  are  entirely  independent  from  eaoh  other  and  from  the  variables  X  and 
Y  . 

For  cross  correlations  between  variables  whose  sensors  are  entirely  different,  the  independent 
assumption  is  a  good  one.  Temperature  versus  10m  wind  speed  and  visual  extinction  versus  humidity  are  two 
cases  where  the  cross  correlation  can  be  Improved.  The  random  errors  are  not  correlated  with  each  other 
or  the  opposing  variable.  Even  though  the  10m  and  2m  winds  both  measure  wind  speed,  measurements  are  from 
two  separate  anemometers ,  so  the  independent  assumption  still  applies.  Problems  arise  when  a  single 
Instrument  takes  several  measurements  such  as  the  case  with  the  IR  sensor.  A  second  type  of  observation, 
where  the  random  errors  are  not  Independent,  occurs  when  one  variable  is  derlvod  from  another  variable,  as 
is  the  case  of  the  equivalent  aerosol  IR  extinction.  This  variable  us6s  temperature,  moisture,  and  the  IR 
transmission  as  Inputs.  A  similar  case  occurs  with  the  dewpoint,  which  is  derived  from  the  measured 


t 
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relative  humidity.  Therefore,  the  correction  for  random  error  of  observation  can  only  apply  to  the  cross 
correlation  for  combinations  of:  visual  extinction,  temperature,  10m  wind  speed,  humidity,  and  2m  wind 

speed. 

Simulated  distributions  for  the  corrected  cross  correlation  p  (equation  (179))  were  developed  for 
each  of  the  above  cross  correlation  combinations  during  January  and  July  using  runs  of  10,000  and  100,000 
replications.  The  simulated  means  of  all  p^'s  were  then  compared  with  the  straight  forward  numerical 
solution  of  equation  (179).  Most  of  the  means  converge  by  10,000  replications.  Those  that  do  not  are 
with  3  percent  of  the  numerical  result.  As  pointed  out  previously,  the  exact  solution  of  equation  (179) 
Involves  the  product  of  the  Cauchy  distribution,  which  has  an  Indefinite  standard  deviation,  with  another 
unknown  distribution.  The  outliers  In  the  tall  of  the  Cauchy  distribution  tend  to  have  a  strong  Influence 
In  the  mean  of  the  resultant  distribution  for  a  small  number  of  replications.  As  the  number  of  of 
replications  decreases,  the  difference  between  the  simulated  mean  and  the  analytical  result  beoomes 
larger.  At  5,000  replications,  the  difference  In  the  two  results  Is  as  large  15  percent  for  some  cross 
correlations . 

Figure  25  shows  the  simulated  distribution  for  the  January  visual  extinction  and  10m  wind  speod 
using  10,000  replications.  Input  serial  correlations  for  visual  extinction  and  the  10m  wind  speed  are 
.9087  and  .8781  ,  respectively.  The  cross  correlation  for  the  two  variables  is  -.3921  .  The  simulated 
distribution  for  100,000  replications  Is  similar.  However,  the  means  are  almost  Identical  (-.9939  versus 
-.9932  for  100,000  replications).  The  general  shape  of  the  distribution  follows  the  normal.  However,  the 
final  distribution  Involves  the  product  of  two  Cauchy  distributions,  so»  the  standard  deviation  Is 
Indefinite. 
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THRESHOLD  VALUES  FOR  CORRECTED  SERIAL  CORRELATION  P  cT 

Figure  25.  Simulated  Y  pen  burg  January  Visual  Extinction 
and  ICw  Wind  Speed  Using  10,000  Replloatlons. 


Aa  expected,  the  cross  correlations  of  those  variables  that  are  subject  to  the  most  measurement 
error  Improve  the  most  when  the  correction  for  random  error  of  observation  Is  applied.  Improvement  Is  as 
high  as  25  percent,  but  generally  Is  In  the  10-15  percent  range.  Table  16  shows  the  raw  ( R )  and  corrected 
(C )  cross  correlation  matrix  for  January.  The  matrix  ridge  shows  the  relative  error  of  each  variable. 
Temperature  and  relative  humidity  observations  have  low  random  error  of  observation,  so  the  raw 
correlation  Is  high.  Visual  extinction,  ICta  wind  speed,  and  an  wind  speed  have  more  random  error  of 
observation,  therefore  the  corrected  cross  correlation  Improvement  is  greater. 
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TABU!  16.  YpMburg  January  Cross  Correlation  Matrix  for  Randou  Error  of 
Observation.  R  is  the  raw  aatrlx  and  C  la  the  oorreoted  satrlx. 


VIS  EXT 

10m  WNDSP 

2ra  WtIDSP 

TEMP 

HUMIDITY 

VIS  EXT 

R 

.8257 

-.3921 

-.9202 

-.1299 

-.6900 

C 

1.0000 

-.993' 

-.5201 

-.1956 

-.781  2 

1 0H  WNDSP 

R 

-.3921 

.7710 

.5912 

.0678 

•  3389 

C 

-.9913 

1.0000 

.7975 

.0789 

.3968 

2M  WNDSP 

R 

-.9262 

.5912 

.8112 

.0622 

•  3389 

C 

-.5208 

.7975 

1.0000 

.0706 

.3872 

TEMP 

R 

-.1299 

.0678 

.0622 

.9569 

.1161 

C 

-.1956 

.0789 

.0706 

1 . 0000 

.1221 

HUMIDITY 

R 

-.6900 

•  3389 

.3389 

.1 161 

.9996 

C 

-.781  2 

.3966 

.3872 

.1221 

1.0000 

Based  on  analyses  of  the  simulated  distributions  for  January  and  July,  the  numerical  solution  to 
equation  (179)  can  serve  as  the  cross  correlation  corrected  for  random  error  of  observation.  This 
procedure  applies  only  to  those  correlations  for  which  the  random  errors  of  observation  of  each  variable 
are  independent  of  each  other  and  of  the  opposing  variable.  The  applicable  variables  are  visual 
extinction,  10s  wind  speed,  2m  wind  speed,  temperature  and  relative  humidity.  Appendix  H  gives  the  cross 
correlation  matrix  for  each  month. 
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CHAPTER  6 


THE  ELECTRO-OPTICAL/ METEOROLOGICAL  SIMULATOR 

1  6.1  General.  The  Electro-Optical/Meteorological  (EO/Met)  simulator  uses  the  USAFETAC  Multivariate 

Triangular  Matrix  (mULTRI)  Model,  which  allows  for  two  distinct  modeling  efforts. 

□  Simulation  of  a  single  EO/Met  variable  and  at  some  Initial  time  and  at  N  lag  times  (E0METS1). 

o  Simulation  of  N  EO/Met  variables  at  a  time  lag  At  In  whicn  the  cross  correlations  between 
the  N  EO/Met  variables  are  preserved  (E0METS2). 

The  first  model  Is  best  suited  for  building  probability  tables  or  simulating  a  single  EO/Met 
variable  for  N  time  lags,  while  the  second  model  Is  Ideal  for  simulating  from  1  to  N  EO/Met  variables  from 
user-supplied  Initial  conditions  where  the  cross  correlations  between  the  N  variables  are  to  be  preserved. 

Two  Important  assumptions  must  be  met  In  order  to  apply  the  EO/Met  variables  to  the  MULTRI  model. 
First,  the  marginal  distributions  of  the  EO/Met  variables  roust  be  adequately  described  by  some 
transnormallzlng  function.  All  the  EO/Met  variables  were  successfully  modeled  In  Chapter  k.  Second,  the 
serial  correlation  must  reasonably  fit  the  Markov  decay  function.  With  the  mobel  assumptions  for  error  of 
observation  In  Chapter  5,  the  serial  correlations  follow  a  Markov  decay.  Thus  the  second  assumption  Is 
satisfied.  The  ultimate  test  of  the  simulation  models  is  how  well  the  MULTRI  model  produces  observations 
that  are  representatl ve  of  the  actual  conditions. 

Both  models  are  quite  similar  in  methods  used  to  generate  observations.  The  main  difference  Is  the 
technique  used  for  constructing  the  correlation  matrix.  The  E0METS1  model  uses  the  serial  correlation 
matrix  while  the  E0METS2  model  uses  the  cross  correlation  matrix.  Chapter  3  covers  the  mathematics  of  the 
MULTRI  model,  so  only  the  simulation  will  be  discussed  in  this  chapter.  Table  17  shows  the  overall  flow 
of  the  simulation  model. 


TABLE  17.  Steps  In  Generating  a  Randoa  Vector  of 
N  Correlated  Elements  of  EO/Met  Variables. 


1.  Build  a  correlation  matrix  £  using  an  appropriate 
correlation  model;  l.e.,  the  exponential  decay  model 
or  the  cross  correlation  model. 

2.  Obtain  the  lower  triangular  matrix  £  from  £  using 
the  Cholesky  Reduction  Scheme  (USAFETAC  subroutine 
LUSQRT) . 

3-  Generate  N  Independent  standard  normal  numbers 
( tij ,  Ug, . . .  un )  using  USAFETAC  subroutine  RANDN. 

A.  Perform  the  matrix-vector  multiplication  using 
the  theorem  from  Anderson  (Whlton,  1982)  using 
USAFETAC  RANCV: 


X  -  C  £ 

5.  Transform  each  of  the  elements  of  X  Into  values 
of  the  actual  EO/Met  variable  using  an  appropriate 
trans-normal izlng  function. 


6  2  Correlation  Matrix.  Paragraph  3-6  presented  a  theorem  for  the  generation  of  a  random  vector  £ 
(X  *  C  •  3.  ),  where  n  Is  a  vector  of  random  numbers  distributed  N(G,1)  and  £  Is  a  unique  lower  triangular 
matrix  such  that  the  correlation  matrix  £  Is  equal  to  the  product  or  £  and  the  transpose  of  £  (designated 
C').  That  is,  R  -  C  C’ 


The  matrix  R  Is  ultimately  used  to  generate  the  vectors  of  ENDs. 


One  method  of  deriving  £  from  £  Is  the  Cholesky  or  "Square-root"  method  presented  in  Paragraph 
3.6.  Two  requirements  for  this  method  are  that  the  matrix  £  be  real,  symmetric  and  positive  definite.  If 
the  symmetric  positive  definite  requirements  are  not  adhered  to,  the  Cholesky  algorithm  will  breakdown  by 
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oalllng  for  division  by  sero  or  attempting  to  take  the  square  root  of  a  negative  number.  Symmetry  is 
assured  before  the  matrix  £  Is  passed  to  the  algorithms,  while  the  program  oontainlng  the  algorithm  checks 
for  the  positive,  deflnlte~equlraoent .  All  of  the  matrloea  met  the  positive,  definite  requirement. 

6.3  B0WT31  Model. 

6.3.1  Model  Requirements,  The  E0METS1  model  is  the  USAFETAC  simulation  model  that  produoes 

observations  of  a  selected  EO/Met  variable  for  an  initial  time  and  N  time  lags.  Marginal  distribution 

tables  for  the  EO/Het  variable  oan  be  developed  as  an  extension  of  the  model.  The  user  supplies  the 
EO/Met  variable  to  be  modelod,  the  initial  hour  and  month  of  the  simulation,  the  serial  correlation  of  the 
modeled  EO/Met  parameter,  the  nusber  of  replications  to  perform,  and  the  array  of  time  lags  for  each 

replication. 

If  there  Is  a  requirement  for  marginal  distribution  tables  at  the  completion  of  the  simulation,  the 
inverse  transnormallzlng  functions  for  eaoh  of  the  EO/Met  variables  should  also  be  available.  The  user 
indloates  the  lag  time  for  the  distribution  table.  Since  the  modeling  coefficients  for  the 

transnormallzlng  functions  are  arranged  by  month  and  hour  (l.e.,  coefficients  are  stored  In  a  12  x  2k 
array),  the  Inverse  transnormal lzatlon  from  an  END  to  a  value  of  the  EO/Met  variable  being  simulated  Is 
quick  and  efficient.  The  tabulating  routine  for  the  raw  counts  of  the  EO/Met  variable  use  the  same  bln 
values  as  those  used  in  building  the  cumulative  distribution  functions  In  Chapter  k. 

6.3.2  Nodal  Generation.  The  E0METS1  simulator  produces  a  single  random  veotor  or  N  correlated 
elements  dlstrlbut'ed'N’fo,  1 ) .  Thus  the  elements  can  represent  values  for  the  ENDs  of  an  EO/Met  variable  at 
an  .nltlal  specified  time  and  at  N*1  time  lags  later.  The  simulation  can  be  repeated  any  number  of  times, 
generating  a  series  of  Independent  random  veotors.  Each  vector  Is  Independent  of  every  other  vector 
(p-0).  Again,  It  Is  the  elements  within  the  vector  that  are  correlated.  If  desired,  marginal 
distribution  tables  can  be  developed  from  the  series  of  random  vectors.  Table  17  summarizes  the  required 
steps  for  generating  a  random  vector  of  N  correlated  elements  of  EO/Met  variables. 

The  following  simulation  demonstrates  the  E0METS1  model.  We  want  to  generate  a  marginal 
distribution  table  for-  the  Ypenburg  3.8 — 5.C  micron  equivalent  IR  aerosol  extinction  for  March,  beginning 
at  0200  MST.  Lagtlmes  supplied  to  the  model  are  1,  2,  3.  6,  9,  and  12  hours.  The  total  serial 
correlation  for  Maroh  Is  .6*125,  while  the  serial  correlation  corrected  for  random  error  of  observation  Is 
.9080.  The  corrected  spring  season  serial  correlation  Is  .9057.  The  corrected  spring  season  serial 
correlation,  which  from  Chapter  5  Is  the  serial  correlation  to  be  applied  to  the  simulation  model,  is 
.9057.  The  USAFETAC  subroutine  RCALCT  then  uses  equation  (172)  to  generate  the  correlation  coerriclent 
between  an  Initial  time  and  at  a  time  lag  it  later, 

rit  *  ’9057At- 

For  example,  the  2-  and  9-hour  time  lag  observations  are  7  hours  apart  and  are  related  by  the 
expression, 

r  -  .9057 7  -  .50. 
a  t 

The  complete  time  lag  array  is: 

Lag  Time 


_ 0 

_ 1_ 

_ 2 

_ 3 

_ 6 

_ 9 

12 

L 

a 

0 

1.00 

.91 

.82 

.7** 

.55 

.81 

•  31 

8 

1 

.91 

1.00 

.91 

.82 

.61 

.55 

.38 

2 

.82 

.91 

1.00 

.91 

.67 

.50 

.37 

T 

3 

.7** 

.82 

.91 

1.00 

.78 

.55 

.**1 

1 

6 

.55 

.61 

.67 

.78 

1.00 

.78 

.55 

m 

9 

.**1 

.**5 

.50 

.55 

.78 

1  .00 

.78 

e 

12 

.31 

•  31* 

.37 

.81 

.55 

.7** 

1  .00 
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Tne  correlation  matrix  Ri 


1.00 

.90 

.81 

.73 

.59 

•  39 

.29 

.90 

1 .00 

.90 

.81 

.59 

.99 

■  32 

.81 

.90 

1.00 

.90 

.h6 

.98 

.35 

I  * 

.73 

.81 

.90 

1  .00 

.73 

.59 

.39 

.59 

.59 

.66 

.73 

1.00 

.73 

.59 

.39 

.99 

.98 

.59 

.73 

1  .00 

.73 

.29 

•  32 

.35 

.39 

.59 

.73 

1.00 

Is  lower  triangular  l7.ed 

using 

USAFETAC 

subroutine  LUSQRT, 

which  implements  the  Cholesky  decomposition 

schem''  Tne  result 

Is  the 

lower 

triangular  matrix  £, 

1  .00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.90 

0.93 

0.00 

0.00 

0.00 

0.00 

0.00 

0.81 

0.39 

0.93 

0.00 

0.00 

0.00 

0.00 

£  “ 

0.73 

0.35 

0.39 

0.93 

0.00 

0.00 

0.00 

0.59 

0.26 

0.29 

0.32 

0.68 

0.00 

0.00 

0.39 

0.19 

0.21 

0.23 

0.50 

0.68 

0.00 

0.29 

0.19 

0.15 

0.17 

0.37 

0.50 

0.68 

The  USAFETAC 

subroutine  HANCV  generates 

a  vector 

■  n  of 

independent  random  standard  normal  numbers, 

1 ,e . ,  numbers  that 

are  distributed  N(U,1) 

,  and 

performs 

the  matrix-vector  multiplication,  X  «  C  •  3  . 

There  are  many  random  normal  number  generators  that  can  be  used.  E0METS1  uses  the  USAFETAC 
subroutine  RANDN.  An  example  of  this  vector  of  Independent  numbers  Is: 


*7 

5? 


,1,  -  -1.5271120 
n2  -  0.9973030 

-  -0.2939361 
ti4  -  -1.1953929 


The  resulting  vector  X  Is: 


n5  -  -0.7852087 
n6  •  -0.9851797 
n?  -  1.9020398 


X,  -  -1.5271  120 
X2  -  -0.9937819 
X,  -  -0.97771  21 
Xjj  -  -1.3773511 


Xc  -  -1.5932799 
Xl  •  -1.8008951 
X7  -  -0.0220970 


Since  the  elements  of  £  are  distributed  N(0,1),  they  represent  correlated  ENDs  of  equivalent  IR 
aerosol  extinction.  The  ENDs  are  then  transformed  to  values  of  extinction  using  the  line  segment 
transnormal lzlng  function  and  the  modeling  coefficients  for  the  time  and  month  of  the  simulated 
observation.  The  Inverse  transnormal lzed  values  represent  extinction  per  km, 


VECTOR  ELEMENT  EQUIVALENT  IR  EXTINCTION  (PER  KM) 


(t 

Initial) 

-0. 88950 

(t 

*  1) 

-0.06995 

(t 

♦  2) 

-0.06987 

(t 

♦  3) 

-0.08390 

(t 

♦  6) 

-0.08906 

(t 

♦  9) 

-0.09631 

(t 

♦  12) 

-0.05091 

6.3.3  Model  Perforsanoe.  Tne  standard  method  of  evaluating  USAFETAC's  simulation  models  Is  to 
generate  Joint,  probabllltes  of  the  o!  served  and  simulated  observations  for  the  Initial  time  and  a  time 
At  later.  However,  the  serial  correlation  specific  to  the  E0METS1  model  Is  not  the  actual  correlation  of 
jk  th«  variable  but  rather  the  correlation  corrected  for  random  error  of  observation.  Differences  between 
the  1 ■  can  give  a  general  view  of  now  the  simulator  reproduces  the  equivalent  aerosol  extinctions. 
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rive  thousand  simulated  observations  were  generated  for  equivalent  aerosol  IR  extinction  ( 3.  ^--5.0 
microns)  for  0200  MST  March.  These  simulated  extinctions  were  then  compared  with  the  Ypenberg  observed 
extinctions. 

The  maximum  difference  between  the  observed  and  simulated  frequency  for  the  Initial  condition  was 
2.4  percent.  The  RMS  error  at  a  time  lag  of  12  hours  is  1.81  percent  with  a  RESMAX  of  -  6.55  percent 
using  line  segment  fitting.  Some  of  the  difference  !s  due  to  the  transformation  of  the  first  element  of 
the  vector  X  Into  raw  vaiues  of  equivalent  aerosol  extinction.  The  differences  between  observed  and 
simulated  data  is  well  wlthlr  the  limits  allowed  by  sampling  theory. 

6.11  KOMETS2  Model. 

6.4.1  Model  Requirements.  The  E0METS2  model  is  the  USAFETAC  simulation  model  that  produces 
observations  for  N  EO/Met  variables  at  a  time  lag  At.  The  cross  correlations  between  the  N  EO/Met 
va-tables  will  be  preserved  for  each  simulation  replication.  The  user  supplies  the  initial  hour  and  month 
of  the  simulation,  the '  number  of  replications  to  perform,  and  the  option  to  convert  the  ENDs  to  raw 
variables  after  simulation  step.  An  input  source  file  contains  the  input  EO/Met  variables,  the  cross 
correlation  matrix  of  the  EO/Met  variables,  and  the  seasonal  serial  correlations  for  each  EO/Met  variable. 

The  modeling  coefficients  for  the  mathematical  functions  that  describe  the  CDF  of  each  EO/Met 
variable  are  stored  in  a  12  x  2 ti  array.  Transnormalization  begins  the  simulation  as  each  raw  EO/Met 
variable  Is  converted  to  an  END.  The  inverse  transr.ormal  i zation  process  can  occur  after  each  time  step  or 
at  a  point  speciflec  by  the  user. 

6.4.2  Hodel  Generation.  The  EOMETS2  simulator  produces  a  single  random  vector  of  N  correlated 
elements  oistr looted  NiO,  1 )  where  each  vector  is  independent  of  the  next  one  (p  -  0).  Table  17  summarizes 
the  required  3teps  for  generating  a  random  vector  of  N  correlated  elements  of  EO/Met  variables.  The 
correlation  matrix  R^  for  the  ECMETS2  simulator  is  the  user  supplied  cross  correlation  matrix  for  the  N 
EC/Met  variables.  From  this  point  the  simulator  proceeds  exactly  as  the  E0METS1  model. 

6.4.3  Model  Per romance .  Tne  E0METS2  preserves  both  the  cross  correlation  between  the  variables 
and  the  serial  correlation  for  each  variable.  These  are  guaranteed  by  the  mathematics  of  the  model.  The 
simulator  correlation  Input  is  the  cross  correlation  matrix  that  has  beer  corrected  for  random  observation 
error.  Only  the  B  regression  coefficient  from  Equation  ( 1 82 )  has  been  used  for  the  serial  decay. 

6.5  Transportabll lty  of  the  EO/Met  Simulator.  The  effective  transfer  of  the  EO/Met  simulator  from 
Ypenburg  to  another  location  such  as  Christchurch,  UK,  depends  on  three  factors.  First,  the  modeling 
coefficients  for  the  cumulative  distribution  functions  for  each  of  the  OPAQUE  variables  must  be 
available.  Second,  the  IOWTRAN  coefficients  for  the  Barnes  transmi ssometer ,  used  in  calculating  the 
transmission  of  water  vapor  and  molecular  transmission,  must  be  known.  Finally,  the  serial  and  cross 
correlations  used  in  initializing  the  EO/Met  simulator  must  be  specified. 

The  unique  climatology  of  each  location  provides  all  environmental  simulation  models  with  their  link 
to  "real  weather."  As  each  station's  climatology  is  different,  30  will  be  tne  regression  coefficients 
that  model  the  station's  climatological  base.  The  particular  mathematical  function  selected  for  modeling 
each  EtVKct  variable  is  easily  transferable  to  other  locations.  While  nature  can  occasionally  benave  in 
erratic  ‘ushion,  the  CDFs  of  her  variables  behave  In  a  predictable  manner. 

LCW7HAN  regression  coefficients  for  the  Barnes  transmi ssometer  have  already  been  established  for 
each  of  tnr  OPAQUE  sites  in  Table  5.  Using  the  Ypenburg  coefficients  for  the  Christchurch  calculations  of 
water  vapor  and  mol  ecu.'  a”  transmi  ss  ion  gives  an  error  of  3  to  5  percent  in  the  modeled  CDFs  for  aerosol 
tr-inc.nl  s-'.icn  ar.d  equivalent  aerosol  extinction.  Application  to  a  new  site  without  modeled  coefficients 
wo..'  '  have  an  unknown  result.  To  be  a  truly  transportable  model,  coefficients  for  each  site  should  be 
ust  .  .  i  is ted  . 

Ciio'-geu  in  sc-isl  and  cross  correlation  can  have  a  substantial  effect  on  simulation  results.  Where 
the  raw  data  j-e  not  available,  many  meteorological  variables  have  been  assumed  to  follow  a  Markovian 
exponential  decay, 


At 


At 


with  At  *  .  ’J45.  Wnlle  this  has  not  teen  a  severe  problem  to  simulation  modeling,  the  serial  correlation 
dees  change  f-’em  month  to  month.  For  example,  the  Yperibu-g  equivalent  aerosol  IR  extinction  (3.4  -  5.C 
microns;  one  hour  aerial  correlation  ranges  from  a  high  of  .9528  1  ra  November  to  a  low  of  .8850  In  June. 
The  yearly  weighted  serial  correlation  is  .9*  3  *  *  All  the.ae  values  depart  from  the  traditional  value  of 
•  9J5.  'ince  each  month's  climatology  for  each  station  is  a  function  of  many  variables,  a  universal  decay 
Is  not  appropriate.  Likewise,  transporting  a  set  cf  serial  decays  from  one  station  to  another  introduces 
an  error  in  correlation  between  the  elements  of  the  vector  X  In  equation  '1101. 
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CHAPTER  V 


PREDICTIVE  REGRESSION  EQUATIONS  FOR  OPAQUE  DATA 


7.1  General .  Predicting  values  of  electro-optical  variables  from  meteorological  observations  using 
'statistical  methods  has  had  only  marginal  success.  Court  et  al.  (1932)  used  both  simple  and  multiple 
regression  equations  to  establish  the  best  predictive  equations  for  Infrared  visibility  at  time  lags  of  1 
to  2 it  hours.  Although  the  Court  et  al.  regression  was  with  a  physical  model  which  may  contain  significant 
error,  the  study  does  provide  a  first  look  at  the  predictive  capabilities  of  an  EO/Met  forecast  model. 
Their  model  was  based  on  a  US  Navy  algorithm  that  expresses  Infrared  visibility  (IRV)  as  a  function  of 
wind  speed,  moisture,  precipitation,  air  temperature,  pressure,  and  visual  range.  The  predictive 
equations  were  of  three  types:  a  simple  linear  regression  equation  for  IRV  Involving  the  three  proceeding 
hc.irly  observations  of  IRV,  a  multiple  regression  equation  involving  the  weather  variables,  and  a  multiple 
regression  equation  involving  various  positive  powers  (  .5  ,  1,  1.5,  2,  3,  4,  5)  of  the  weather  variables. 

Court  et  al.  results  show  a  simple  predictive  linear  regression  equation  has  limited  capabilities  up 
to  6  hours,  and  almost  no  capabilities  for  longer  time  periods.  Table  18  shows  the  coefficients  of 
determination  (R2)  of  IRV  by  the  three  methods  for  one  sample  period.  For  a  1-hour  time  lag,  62  percent 
of  the  variance  can  be  explained  by  using  the  previous  hour's  IRV  value  In  the  predictive  model.  Using 
IRV  values  for  the  3  previous  hours  can  explain  only  65  percent  of  the  variance.  Additionally,  the 
infrared  visibility  can  be  predicted  slightly  better  for  any  time  period  using  a  linear  combination  of 
weather  variables  rather  than  combining  the  variables  Into  a  IRV. 


TABLE  18.  Coefficients  of  Determination  (R2)  for  Prediction  of  Infrared 
Visibility  (IRV  In  km)  by  Three  Regression  Methods,  (after  Court  et  al.,  1982). 


TIME  LAG 


SIMPLE 


MULTIPLE 


MULTIPLE 

EXPONENTIAL 


1 

.62 

.65 

.66 

3 

.*»7 

.49 

.50 

6 

.29 

.3? 

.33 

12 

.14 

.16 

.16 

2D 

.04 

.04 

.06 
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7.2  Application  to  the  OPAQUE  Data.  The  Ypenburg  OPAQUE  data  was  processed  for  regre.  on  analysis 
with  the  SAS  statistical  package.  The  SAS  STEPWISE  procedure  provides  five  methods  for  evaluating 
Independent  variables  for  Inclusion  in  a  regression  model:  forward  selection,  backward  elimination, 
stepwise,  maximum  R2  Improvement,  and  minimum  R2  Improvement.  The  results  of  the  five  methods  were  very 
similar.  This  section  contains  only  the  results  of  the  stepwise  regression.  Appendix  J  contains  the 
stepwise  coefficients  of  determination  (R2)  for  the  dependent  variables  visual  extinction  and  equivalent 
aerosol  IR  extinction  for  the  3.1“5.0  and  8.0-12.0  micron  bands.  The  independent  variables  are  relative 
humidity  (RH),  dewpoint  (DP),  temperature  (T),  10m  wind  speed  (10m)  and  2m  wind  speed  (2m).  An  F- 
statlstlc  of  .15  la  necessary  for  entrance  Into  the  model. 

Tables  19  and  20  show  the  coefficient  of  determination  (R2)  for  the  January  and  July  visual 
extinction  and  equivalent  aerosol  IR  extinction.  An  F-statlstlc  of  .15  Is  necessary  for  entrance  Into  the 
regression  model.  The  stepwise  procedure  uses  the  ENDs  of  the  variables  rather  than  the  raw  variables. 
Approximately  50  percent  or  less  of  the  variance  of  the  dependent  variables  can  be  explained  by  the 
Independent  variables,  This  agrees  with  the  results  of  Court  et  al.  The  R2  values  for  vlsuiLL  extinction 
are  consistently  higher  than  those  of  the  infrared  variables.  Additionally,  the  winter  R2  values  are 
higher  than  the  summer  values.  The  remaining  months  also  show  this  pattern. 

TABLE  19.  Coefficients  of  Determination  (R2)  for  Ipenburg 
January  Visual  Extinction  and  Equivalent  Aerosol  Infrared 
Extinction  at  the  .15  Significance  Level. 

VISUAL  EXTINCTION 

R2  Varlable(s)  Entered  . 


4918 

RH 

5296 

RH, 

2m 

Wind 

5388 

RH, 

2m 

Wind,  Temp 

5446 

RH, 

2m 

Wind ,  1 0m  Wind 

$ 
m 

sm 
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equivalent  aerosol  infrared  extinction  3.*  -  5.0  Microns 


Varlable(s)  Entered 


2990 

RH 

3091 

RH,  Dewpt 

31*17 

Temp,  RH,  Dewpt 

3159 

2m  Wind,  Temp,  RH,  Dewpt 

3169 

10a  Wind,  Temp,  RH,  Dewpt 

EQUIVALENT  AEROSOL  INFRARED  EXTINCTION  8.0  -  12.0  microns 

R2  Varlable(s)  Entered 


.1399 

RH 

.2091 

RH,  Dewpt 

.2107 

Temp,  RH,  Dewpt 

.2177 

2m  Wind,  Temp,  RH,  Dewpt 

TABLE  20.  Coefficients  of  Determination  (B2)  for  Ypenburg 

July  Visual  Extinction  and  Equivalent  Aerosol  Infrared 

extinction  at  the 

.15  Significance  Level. 

VISUAL  EXTINCTION 

Varlable(s)  Entered 

.3216 

Dewpt 

.9963 

RH,  Dewpt 

.9700 

10m  Wind,  RH,  Dewpt 

.9853 

10m  Wind,  Temp,  RH,  Dewpt 

EQUIVALENT  AEROSOL 

INFRARED  EXTINCTION  3.  A  -  5.0  alcrona 

Varlable(s)  Entered 

.1989 

RH 

.1606 

Temp,  RH 

.  1690 

Temp,  RH,  Dewpt 

.1710 

10m  Wind,  Temp,  RH,  Dewpt 

EQUIVALENT  AEROSOL 

INFRARED  EXTINCTION  8.0  -  12.0  microns 

Varlable(s)  Entered 

.1203 

RH 

.1627 

RH,  Dewpt 

.1701 

Temp,  RH,  Dewpt 

.1731 

10m  Wind,  Temp,  RH,  Dewpt 

Several  behavior  patterns  In  Tables  19  and  20  deserve  comment.  Relative  humidity  is  almost  always 
the  rirat  predictor  In  the  single  regression  model.  Indicating  the  Importance  or  moisture  In  the 
transmission  prooess.  The  dewpoint  temperature  Is  often  the  second  variable  added  to  the  regression 
model.  In  the  case  of  the  July  visual  extinction,  the  addition  of  dewpoint  temperature  significantly 
increases  R2  values.  However,  this  Increase  In  R2  probably  Is  due  to  relative  humidity  being  used  In  the 
algorithm  to  calculate  dewpoint  temperature  (Paragraph  2.2).  The  R 2  values  Improve  very  little  after  the 
addition  of  the  second  variable.  Thus,  a  two-parameter  multiple  regression  equation  would  be  most 
efficient.  However,  none  of  the  models  show  sufficient  R2  value  to  warrant  use  In  a  prediction  equation. 
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APPENDIX  A 


SERIAL  CORRELATION  IN  FIRST-ORDER  MARKOV  MODELS 

A  defining  property  of  the  Ornsteln-Uhlenbeck  process  (Whlton,  1982)  Is  that 

_  ,  ,  -Bit 

Cov  [x„  .  -  po  •  a  -  ae  , 

T*11  T  XT-At  XT 

which  equals  p  for  x  distributed  N(0,1).  Hence,  for  N(0,1)  x, 

-Bit 
p  -  ae  . 

Applying  the  boundary  condition  that  p  -  1  when  At  »  0  gives  the  result  u  *  1.  So, 

-6At 

p  -  e 

If  p,  Is  defined  as  the  correlation  at  unit  time,  where  At  -  1  ,  then 

_  g 

p(  ■  e  -  const. 


Consider  p  at  n  time  steps,  nAt 


-BnAt  ,  -8, nAt  nAt 
p  -  e  -  (e  )  -  p, 


which  Is  the  characteristic  Markovian  correlation  decay  equation. 


(A-1) 


(A-2) 


(A-3) 


(A-N) 


(A-5) 


APPENDIX  D 


HE  I  CUTE  D  LINEAR  REGRESSION  LEAST  SQUARES  PIT 


The  equation  of  the  straight  line  through  a  set  of  points  can  be  represented  as: 

Y1  “  Bo  *  B‘  Xi  *  ei-  (B'1) 

where  Is  the  Increment  by  which  an  Individual  I  falls  off  the  line.  For  a  set  of  observation  pairs 
(X,I)  Equation  (B-l)  can  provide  estimates  bQ  and  fc,  for  Bq  and  B,  respectively, 

-  b.  ♦  b,X1(  (B-2) 

where  Y^  Is  the  predicted  value  of  Y  for  a  giver.  Xj.  The  sun  of  the  squares  of  deviations  from  the  true 
line  Is  given-  by: 

SSE  -  l  e  *  -  Z  (Y1  -  Y1 ) *  -  l  (Y1  -  b0  -  b,  Xj)’,  (B-3) 


where  the  summations  are  from  1-1  to  N. 


For  an  equation  of  the  form  (Vlelbull  distribution): 


Q 


exp  (-a 


O. 


(B-H) 


a  linear  form  can  be  found  by  taking  the  natural  logarithm  of  both  sides  twice, 


0 

in  Q  -  -<*  x" 

In  (-lr>Q)  «  lna  *  tslnx  , 


(B-5) 


A  straight  line  fit  to  the  set  of  ordered  pairs  Inx,  ln(-inQ)  gives  estimates  of  a  and  6.  However,  this 
minimizes  the  quantity: 


Hln(-lnQ)  -  In  (-InQ) )  * ,  (B-6) 


rather  than  KQ-Q)  as  required  by  equation  (B-3). 

The  change  In  Q  space  can  be  related  to  the  change  in  ln(-lnQ)  space  by  taking  the  derivative  of 
In  (-InQ ) : 


d 

dQ 


(ln(-lnQ) ) 


InQ 


<-^q->  InQ)) 


(- 


InQ 


1 

'  (QlnQ) 


dQ  -  (QlnQ)  •  d(ln(-lnQ) ) . 


\ 


B-l 


(B-7) 


To  Integrate  equation  (B-7),  QlnQ  must  be  treated  as  a  constant.  The  error  In  Q  space  Is  therefore 
approximately  QlnQ  times  the  error  In  In  (-InQ)  space,  and 


Z  (Q-Q)  -  I  ((QlnQ)  •  (ln(-lnQ)  -ln(-lnQ))  ). 


(3-8) 


Substituting  equation  (B-5)  Into  equation  (B-8)  for  the  predicted  Q  term  gives  an  expression  for  the 
sum  of  the  squares  of  deviation: 


Z  ((QlnQ)  >  (ln(-lnQ)  -  ina  -  8inx)  )  . 

Let  (QlnQ)*  be  a  weighting  factor  WF.  Then  equation  (B-9)  becomes: 

2 

Z  (WF  •  (ln(-lnQ)  -  lna  -  31nx)  ). 


(B-9) 


(B-10) 


To  determine  the  estimates  of  a  and  8,  differentiate  equation  (B-10),  first  with  respect  to  a  and 
then  with  respect  to  6,  and  set  the  results  to  zero. 


3SSE 


■5 - £  (WF  •  (ln(-lnQ)  -  lna  -  Blnx)*)  •  -2  Z  —  (ln(-lnQ)  -  lna  -  Bln  x) 

9a  9a  a 


3SSE 


Z  (WF  •  (ln(-lnQ)  -  lna  -  Blnx)  )  -  -2  Z  WF  ■  In  x  •  (ln(-lnQ)  -  lna  -  Bln  x) 


3b  ’  3B 

Equating  equations  (B-lOa)  and  (B-lOb)  to  zero,  we  have: 


(B-lOa) 


(B-lOb) 


-2  1-  (ln(-lnQ)  -  lna  -  Bln  x)  -  0 
a 

lna  EWF  -  Kln(-lnQ)  •  WF)  -  SI  (In  x  •  WF)  (B-l  la ) 

-2  E(lnx  WFtln(-lnQ)  -  lna  -  Bln  x))  -  0 

B  Kin  X2  F)  -  Kin  X  •  WF  •  ln(-lnQ))  -  lna  KlnX  •  WF).  (B-11b) 


Equations  ( B-  11a  and  (B-llb)  are  the  normal  equations  for  a  straight  line  linear  regression  fit. 
Equation  (B-lla)  can  be  solved  for  a  by  exponentiating  both  sides: 


a 


exp 


l  ['WF  ln(-lnQ)  ]  -  BE  [WF 
EWF 


lnx] 


(B-12) 


Substituting  equatlc-  .  (B-lla)  Into  equation  ( B—  11b)  for  lna  yields  a  similar  expression  for  8 : 


EWF  E[  (lnx )  (ln(-lnQ))  (WF)]  -  [KWFlnx)  K  (WF)ln(-lnQ) )  ] 
EWF  K (WF) (lnx2) )  -  (EWF  lnx)2 


( B- 1 3) 


Equations  (B-12)  and  (B-l  3)  are  the  estimates,  of  a  and  8  for  a  weighted  linear  regression  least 
squares  fit.  Again  the  weighting  factor  WF  Is  (QlnQ) 
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YPENBURG  MODELING  COEFFICIENTS 
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APPENDIX  D 


Range  of  I pen burg  RMS  and  RESMAX  for  Selected  Curve  Fits 


Ida  Wind  Speed 


RMS 

HR 

RMS 

HR 

RESMAX 

HR 

RESMAX 

HR 

JAN 

.6 

11 

6.2 

9 

-.9 

1 1 

-7.8 

9 

FEB 

1.2 

i) 

9.3 

20 

-2.1 

6 

9.6 

20 

MAR 

1.5 

16 

3.1 

9 

-2.6 

8 

-6.1 

6 

APR 

.9 

6 

2.7 

9 

1.6 

8 

-6.6 

18 

MAY 

;1.0 

16 

3.8 

12 

-1.8 

16 

-9.3 

12 

JUN 

1.3 

2 

6.3 

13 

-2.3 

11 

-13.9 

13 

JO  L 

.9 

6 

3.2 

10 

-2.3 

20 

6.0 

11 

AUG 

.9 

7 

3.9 

5 

1.8 

7 

-7.8 

18 

SEP 

1.1 

2 

3.0 

10 

2.1 

2 

-6.6 

13 

OCT 

.9 

5 

3.9 

16 

-1.6 

5 

-7.0 

16 

NOV 

1.5 

16 

9.0 

23 

-2.7 

15 

8.1 

2 

DEC 

1.1 

3 

3.3 

20 

1.5 

3 

6.8 

20 

Relative  Humidity 

RMS 

HR 

RMS 

HR 

RESMAX 

HR 

RESMAX 

HR 

JAN 

1.2 

11 

9.0 

16 

2.6 

1 1 

9.1 

16 

FEB 

1.3 

8 

3.9 

23 

-2.2 

5 

-7.9 

10 

MAR 

1.1 

16 

3.8 

5 

-1.9 

19 

7.6 

5 

APR 

.8 

20 

5.2 

8 

-1.5 

20 

11.5 

8 

MAY 

.6 

12 

3.0 

26 

-.9 

12 

6.0 

22 

JUN 

.5 

8 

3.7 

9 

-1.0 

8 

-8.1 

9 

JUG 

.9 

21 

5.0 

5 

-1.6 

21 

-13.3 

5 

AUG 

1.0 

11 

5.1 

5 

-1.7 

10 

-12.7 

9 

SEP 

.8 

11 

3.3 

21 

1.3 

11 

-6.6 

21 

OCT 

1.6 

15 

5.9 

1 

-2.8 

15 

-19.5 

1 

NOV 

1.5 

6 

3.6 

16 

2.5 

2 

-7.13 

11 

DEC 

1.2 

22 

3.1 

12 

1.9 

16 

7.2 

12 

Visual 

Attenuation 

RMS 

HR 

RMS 

HR 

RESMAX 

HR 

RESMAX 

HR 

JAN 

2.3 

17 

5.1 

16 

7.5 

11 

13.5 

15 

FEB 

1.5 

10 

3.1 

7 

3.6 

2 

-7.5 

8 

MAR 

2.2 

26 

5.0 

15 

6.6 

8 

13.8 

19 

APR 

2.9 

5 

5.8 

21 

11.2 

5 

22.5 

19 

MAY 

2.2 

7 

9.8 

22 

5.6 

6 

16.9 

1 8 

JUN 

1.9 

7 

9.8 

16 

7.0 

7 

11.7 

19 

JUL 

2.0 

7 

9.5 

18 

7.7 

8 

20.5 

18 

AUG 

2.1 

3 

5.9 

11 

7.6 

6 

16.8 

8 

SEP 

2.1 

7 

6.6 

15 

7.7 

7 

31.8 

15 

OCT 

1.9 

2 

9.7 

15 

7.3 

2 

18.1 

16 

NOV 

3.0 

8 

6.3 

15 

12.1 

8 

27.8 

15 

DEC 

2.4 

9 

9.6 

16 

7.9 

10 

15.7 

20 

Equivalent  Aerosol  IR  Extinction 

8 

-  12  Microns 

RMS 

HR 

RMS 

HR 

RESMAX 

HR 

RESMAX 

HR 

JAN 

1.3 

9 

3.9 

16 

3.1 

9 

10.8 

16 

FEB 

1.5 

3 

9.9 

15 

9.5 

8 

16.9 

15 

MAR 

1.8 

20 

9.2 

15 

-6.5 

3 

-17.9 

1 1 

APR 

1.1 

22 

3.6 

9 

2.8 

2 

-16.3 

12 

MAY 

1.0 

23 

5.7 

12 

2.3 

23 

-26.8 

12 

JUN 

,1.4 

26 

9.6 

17 

2.9 

23 

-20.0 

16 

JUL 

'  .7 

22 

5.1 

13 

1.5 

22 

-22.3 

16 

AUG 

1.2 

2 

6.0 

13 

2.9 

21 

-28.0 

13 

SEP 

1.0 

6 

6.9 

12 

-2.7 

6 

-27.3 

16 

OCT 

1.0 

19 

3.5 

15 

*2.3 

21 

-12.5 

16 

NOV 

1.8 

15 

3.7 

13 

-5.6 

16 

-16.7 

13 

DEC 

1.6 

20 

3.2 

16 

-9.3 

3 

10.3 

13 

2b  Wind  Speed 

RMS 

HR 

RMS 

HR 

RESMAX 

HR 

RESMAX 

HR 

.5 

16 

2.9 

19 

-.9 

16 

6.5 

19  / 

.2 

19 

1.9 

21 

.3 

19 

5.2 

21 

.  6 

7 

2.5 

3 

1.1 

1 

5.6 

3 

.6 

23 

2.6 

10 

.7 

6 

5.3 

10 

0.0 

2 

7.2 

26 

0.0 

3 

7.6 

26 

.1 

5 

1.2 

26 

.6 

5 

2.7 

16 

.1 

26 

1 .0 

20 

-.2 

18 

2.7 

16 

.1 

20 

1.7 

13 

.3 

20 

6.0 

13 

.1 

22 

1.2 

13 

.2 

18 

2.7 

6 

0.0 

3 

.6 

1 

.1 

3 

1.9 

21 

.6 

1  6 

2.2 

19 

.5 

6 

5.3 

19 

.6 

2 

2.2 

6 

.9 

2 

-6.0 

6 

Sky  Cover 
• 
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APPENDIX  E 
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LINE  SECMENT  FITTING 

Figure  E-1  shows  the  threshold  and  oorrespondlng  cumulative  probabilities  for  a  line  segment  fitting 
scheme.  The  cumulative  probability  represents  the  probability  that  the  Independent  variable  Is  less  than 
or  er.ual  to  the  threshold;  l.e.,  Pr  (X  <  xT) .  -The  arrays  contain  both  exterior  boundaries;  1.  e.,  the 
thresholds  for  the  cumulative  probabilities  of  0  and  100  percent.  The  total  number  of  data  points  must  be 
a  multiple  of  the  number  of  line  segments  dosired: 


NP  •  NLS  -  2  , 


(E-1) 


where  NP  is  the  number  of  points  in  each  line  segment,  and  NLS  i3  the  number  of  line  segments.  For 
example,  if  four  points  are  to  be  used  in  each  of  three  line  segments,  the  total  number  of  data  points 
must  be  (4  •  3  -  2) ,  or  10. 
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Figure  E-1.  Example  of  Line  Segment  Fitting  for  Three  Line  Segments  (LSi,  LSi,  and  LS») 
Passing  Through  the  End  Points  (xi,  yi),  (»i,  y»),  and  (x»,  y»).  Respectively," 


Two  line  segments  i ri  Figure  E-1  are  to  be  fit  across  Nj  data  points.  Only  five  data  points  are 
shown  for  clarity.  The  beginning  of  each  line  segment  will  pass  through  the  point  (xj.yp,  which  defines 
the  llr»e  segment  position  and  eventually  the  slope.  Although  the  (xj  ,y j)  points  don't  necessarily  have 
to  correspond  with  a  threshold,  they  are  chosen  this  way  to  aid  in  storage  of  the  final  (x1  .yp's  for  all 
line  segments.  The  beginning  and  ending  of  the  two  lino  segments  are  defined  by  the  two  boundary 
conditions:  the  initial  line  segment  LSi  must  pass  through  the  zero  percent  CDF  point  (Xj ,  yj),  and  both 
line  segments  must  pass  through  (xg  , y ^ ) • 

Let  al  and  a?  be  the  slopes  of  line  segments  LSi  and  LSi,  respectively,  and  let  bi  and  ba  bo  the  y- 
Intorcepts  of  LSi  and  LSa,  respectively.  For  the  two  lino  segments,  the  equations  for  a  straight  line 
are: 


E-1 


,*  7  .*  S 


v,  .L'V;/;,* 


y  -  a,  x  +  b, 


(E-2a) 


y  -  a,  x  +  b2  . 


(E-2b) 


Applying  the  boundary  condition  that  the  first  two  line  segments  must  pass  through  (x-wv-,) 
equations  (E-2a)  and  (E-2b)  become:  2>»2'' 


y  -  a,  (x  -  x 2 )  +  y 2 


(E-3a) 


y  -  a,  (x  -  X,)  +  y 2 . 


(E-3b) 


Now  applying  the  boundary  condition  that  LSi  must  pass  through  (xi.y,),  the  slope  of  LSi  can  be 
defined  as: 


y2  -  yi 
'*  !  -  x. 


(E-4) 


Setting  up  the  regression  equations,  the  sum  of  the  squares  of  errors  (SSE)  for  the  two  line 
segments  become  l  and  l  and  are  the  summations  over  LSi  and  LS*  respectively: 

1  2 


SSE,  -  E  -  a, (x1~  Xj)-yj) 


SSEj  »  l  (y1  -  ajlx^XjJ-yj)  . 


(E-5a) 

(E-5b) 


The  total  sum  of  the  square  of  errors  SSE-j.  Is  the  sum  of  the  SSEs  over  two  line  segments: 


SSEt  -  SSE,  ♦  SSE, , 


(E-6) 


Following  standard  linear  regression  techniques,  differentiate  equation  (E-6)  first  with  respect  to 
yi  and  then  with  respect  to  a2,  noting  from  equation  (E— 4 )  that  ai  13  a  function  of  y2: 


3SSET 

~2yT 


x,-x. 


-  2  Myj  -  a,(x1  -  Xj)  -  y,)  "2  E  (y^a^  (x1-x,)-y2) 


(E-7) 


3SSE 

2a  ■  -  -  2(E  (yl"aa(xl-x,))  (Xj-Xj). 


(E-8) 


Setting  equations  (E-7)  and  (E-8)  to  zero, 

x,-  x, 


2  <y,-  a i (x  -  Xj)-  y 2)  (  7— —  ♦  l)  ♦  E 
1  1  i  x,  X,  2 


(y .  ~  a»(x.-  x2)-  y,)  -  0 


E  y,(x-  x2)  -  a,  I  (xt-  Xj)  -  y2  E  (x1-  x2)  -  0, 


(E-9) 
(E-l 0) 


Solving  for  a2  In  equation  (E- 10)  gives: 

I 


Y 4 (Xj-  x2)  -  y 2  j  (Xj-  Xj) 


s  (Xj-  Xi^ 


(E-1 1) 


To  mako  the  derivation  somewhat  easier,  the  following  simplifying  substitutions  are  defined: 


E-2 


A1  -  T  y. 


A2  -  ;  y. 


B1  -  1  (Xj-  x2)y; 


B2  -  ,  (x.-  x,)y. 


Cl  -  t  (Xj-  x2 ) 


D1 


1  X2 


D2  -  j  (Xl-  x2) 


Nty,  -  i  y, 


N2y2  -  2  y2 


E  -  (x2-  x,) 


Using  these  substitutions,  equations  ( E— H )  and  (E-11)  beccxne: 


y2-  Yi 


and  a,  - 


B2-  y2C2 


D2 


(E-12) 


Substituting  ai  and  a2  rrom  equation  (E-12)  into  equation  (E~9)  gives 

(y2-  y.)  D1  (y2-  y,)  Cl  B2-  y,C2 


1 


[B1 


y2ci ]  +  [ A 1  - 


E  E 

Solving  equation  (E— 1 3 )  for  y2  gives: 


-  N,y2]  +  A2  - 


D2 


“  N2y2  -  0 


B1  B2*C2  Y  D1 
fl1  *  A2  *  E  D2  *  E~  *  (~E  *  C1) 

D1  C±  _  C2»C2 
E*E  d  E  D2 


(E-13) 


(E-1H) 


Since  the  point  x2  falls  on  an  observed  threshold  that  is  used  in  fitting  both  line  segments,  the 
error  at  this  point  15  counted  twice.  The  contribution  of  one  the^e  errors  must  be  subtracted  from  y2. 
Let  y  be  the  observation  at  x2.  The  squared  error  at  x2  is  (y  -y2)  and  the  corrected  sum  of  the  squared 
errors  becomes: 


SSEt  -  SSE^  (uncorrected)  -  (y-y2)  .  ( E— 1 5 ) 

This  correction  term  shows  up  only  in  the  partial  differentiation  with  respect  to  y2  (see  equation 

E-7): 


3 

3y2 


(y-y2)  -  2  (y-y2) 


(E-16) 


Therefore, 

SSE_  (corrected)  -  —  SSE_  (uncorrected)  +  2  ( y— y 2 )  .  (B-17) 

2  t  dy  2  T 


Applying  this  correction  term  to  equation  (E-14),  the  corrected  y-value  for  the  line  segment 
becomes: 


E-3 


J 


APPENDIX  F 


EFFECT  OF  OBSERVATION  ERROR  IN  CORRELATION 


Broods  and  Carr  utliers  (1953'  expand  the  basic  correlation  equation  to  show  that  the  actual 
correlation  Is  larger  tnan  the  correlation  derived  from  the  measured  data.  Wltn  certain  assumptions, 
correlations  derived  from  observed  data  can  be  significantly  Improved. 

Let  X  ar,d  Y  be  two  measured  variables,  let  x  ar.d  y  be  the  deviations  of  X  and  Y  from  their  mean 
values,  let  N  be  the  number  of  pairs  of  observations,  and  let  o  ,  o„  be  the  standard  deviations  of  the  X 
and  Y  series.  If  d  and  e  are  random  errors  of  observation  of  X  and  i,  respectively,  the  deviations  of  the 
observed  values  from  their  means  can  be  written: 

a  »  x  *  d 


The  correlation  coefficient  between  two  variables  X  and  Y  is: 


E[(X  -  X)  (Y1  -  Y )  j 


which  can  also  be  written: 


4;x1  -  X)2  /£( r1  -  i)2 


I  XY  -  NXY 


xy  Net) 
x  y 

Substituting  the  equations  for  a  add  B  (equation  5-1-1)  into  equation  5-1*3. 


B  I  [  ( x  +  a  )  (y*e)]-N(x*d)(y«e) 

PaB  N  o  o  N  o  o 

a  B  a  B 


In  expanded  form  the  numerator  becomes, 


Exy  *  Ixe  ♦  Edy  ♦  Ido  -N[xy  ♦  xe  -  dy  ♦  dej  . 


Rearranging  terms  1  r,  equation  (F-5), 


( I  xy  -  Nxy)  ♦  Uxe  -  Nxe)  ♦  (Idy  -  Ndy)  ♦  (lido  -  N  de )  .  (F-6) 

From  the  definition  of  the  correlation  coefficient  In  equation  (F-3),  each  of  th.e  terms  !ri  equation 
(F-6;  car.  be  written  lr.  the  form: 

Nr  o  -  Ixy  -  Nxy  .  (F-7) 

X  /  (/ 

Ur  1  rig  the  format  of  equation  (F-7.  for-  each  of  the  terms  It:  equation  (F-L;,  the  numerator  becomes: 

Nr  v  o  -  Nr  o  o  *  Hr.  u,  c  *  Nr  .  .  c  (1-3; 

xy  x  v  xu  x  e  d/  d  y  ue  d  e  - 

Inserting  the  numerator  (equation  F-S)  l.-ies-.  Into  equation  iF-*i', 


Nr  u  •'  *  Nr  u  •»  Hr  oi  *  llr  .  -j  o 

x y _ x  y  x e  x  <_- _ d y  j  y  Jo d_  e 

N'J  o 

o  1: 


If  we  assume  that  the  random  errors  d  and  e  are  entirely  Independent  of  each  other  ana  of  X  and  Y, 
the  correlation  terms  Involving  d  and  e  become  zero: 


r  - - -  r  „  , 

xy  oo  as  * 
x  y 


(F-1C)  ^ 


2  2  2 
n  “0  *  0  . 

a  X  d 


2  2  2 
a.  •  a  *  c 
6ye 


Therefore,  the  actual  correlation  between  two  variables  Is  larger  than  the  correlation  derived  from 
the  measured  values.  Furthermore,  a  quantitative  estimate  of  the  actual  correlation  is  possible  where  the 
assumption  that  the  random  errors  of  ooservatlon  are  entirely  Independent  of  each  other  holds. 


APPENDIX  G 


YPENBURG  SERIAL  CORRELATION  COEFFICIENTS 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  VISUAL  ATTENUATION  (PER  KK) 

JANUARY 


HR  1 

HR  2 

HR  3 

HP  6 

HR  9 

HR  12 

HR  10 

HR  24 

OVERALL 

0.9407 

0.8923 

0.8562 

0.7615 

0.6809 

0.6249 

0.5029 

0.4072 

YEAR  I 

0.9394 

0.8923 

0.85B2 

0.7405 

0.6123 

0.5292 

0.408! 

0.3135 

703 

700 

696 

687 

681 

675 

666 

661 

YEAR  2 

0.9179 

0.B629 

0.8170 

0.7250 

0.6530 

0. 5854 

0.4339 

0.3096 

731 

730 

729 

726 

723 

721 

713 

709 

YEAU  3 

0.9297 

0.8669 

0.8214 

0.6881 

0.5800 

0.5346 

0.3840 

0.2772 

743 

742 

717 

738 

735 

732 

726 

720 

YEAR  4 

0.9490 

0.8998 

0.8658 

0.7803 

0.7129 

0.6346 

0.5332 

0.4344 

716 

715 

714 

71  1 

708 

705 

699 

693 

FISRZ 

0.9346 

0.8812 

0.3417 

0.7347 

0.6421 

0 . 5784 

0.4417 

e. 334? 

LINEAR  REC 

0.9239 

0.8342 

0.8462 

0.7416 

0.6500 

0.5697 

0.4376 

0.3362 

TOT  RUM 

OBS 

llffi  COR 

2893 

FESRUARY 

IIR  1 

HR  2 

HR  3 

UR  6 

HR  9 

HR  12 

nn  18 

HR  24 

OVERALL 

0.9461 

0.8923 

0.0396 

0.6996 

0.5883 

0.51J2 

0 . 4036 

0 . 3507 

YEAR  I 

0.9339 

0.8628 

0.8044 

0.6539 

0.5589 

0 . 4779 

0.3556 

0. 1828 

633 

629 

627 

6  19 

6  13 

608 

597 

387 

YEAR  2 

0.95  16 

0.8960 

0.8428 

0.6854 

0.5346 

0.4340 

0 . 282 1 

0  -  2247 

629 

626 

624 

6  18 

6  12 

606 

594 

582 

YEAR  3 

0.9  166 

0.9501 

0.7787 

0.6140 

0.4927 

0.4042 

0.2333 

0.2417 

693 

692 

62? 

680 

685 

602 

676 

670 

YEAR  4 

0.9694 

0.9352 

0 . 09  70 

0.7986 

0.7280 

0.6009 

8.6318 

0.6275 

630 

629 

628 

625 

622 

619 

613 

607 

FIHHZ 

0.9459 

0.8903 

0.6370 

0.6934 

0.3848 

0.5060 

0.3986 

0.3357 

LINEAR  REC 

0.9232 

0  8783 

0.8356 

0.7194 

0.6194 

0.5332 

0.3953 

0.2930 

TOT  NUn 

GoS 

I  SR  COR 

2uo4 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  10 

HR  24 

OVERALL 

0.9307 

0.8722 

0.8250 

0.7015 

0.6109 

0.5315 

0 . 4232 

8.3334 

YEAR  1 

0 . 9389 

0.8962 

0.8550 

0.7666 

0 . 6879 

0.6050 

0.5824 

0 . 3973 

550 

539 

528 

495 

401 

457 

472 

323 

YEAR  2 

0.8965 

0.8002 

0.7504 

8.3530 

0.4344 

0.334! 

0. 1965 

0.0843 

508 

503 

577 

567 

559 

552 

336 

5  10 

YEAR  3 

0.9303 

0.8654 

0.8195 

0.7027 

0.6077 

0.5451 

0.4110 

0.3727 

737 

735 

737 

730 

727 

724 

719 

712 

YEAR  4 

0.9287 

0.8666 

0.8109 

0.6645 

0.56O0 

0.4631 

0.3367 

0.2833 

743 

742 

74  1 

730 

733 

732 

726 

720 

FISRZ 

0.9254 

0.8620 

0.8116 

0.6760 

0.5764 

0.4901 

0.3699 

0 . 2958 

LINEAR  REC 

0.9056 

0.0580 

0.8145 

0.6947 

0.5925 

0.5054 

0 . 3677 

0.2675 

TOT  NUK 

OB 8 

I  UP,  COR 

26  18 

Ai'RIL 


HR  1 

HP  2 

HP  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9316 

0.0637 

0.0864 

0.6630 

0. 5490 

0. 473 1 

0.4064 

0 . 3422 

YEAR  l 

0.9389 

€• .  05  1 6 

0.7703 

0.621  < 

0.31  48 

C. 4103 

0 . 2CRO 

0.2131 

363 

563 

36  1 

535 

349 

543 

53  1 

519 

YEAR  2 

0.9350 

0 . 0020 

0 . 8203 

0.6750 

0.O4B3 

0.4498 

0.3323 

0.2606 

7  17 

7  16 

713 

7  12 

709 

706 

700 

694 

YEAU  3 

0.0962 

0.7856 

0.6901 

0.4849 

0 . 300 1 

0.2311 

0.2426 

0.1719 

7  17 

716 

7  16 

7  12 

709 

706 

700 

694 

YEAR  4 

0.938) 

0 . 8845 

0.84)8 

0.7311 

0.6308 

0.5932 

0.5042 

0.4687 

719 

718 

717 

7  14 

7  1  1 

708 

702 

696 

1  1 8  HZ 

0.9266 

0 . 83116 

0.79  17 

0.6374 

0.51 56 

0.4822 

0.8354 

0 . 2883 

LINEAR  REG 

TOT  NUM  OBF 

0.8930 

I UR  con 

0.0431 

2718 

0.796  1 

0.6701 

0.5641 

0.4749 

0.3363 

0 . 2304 

C-2 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  VISUAL  ATTENUATION  (PER  KM) 

HAY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

KR  10 

SR  24 

OVERALL 

0.9321 

0.6670 

0.8066 

0.6621 

0.5793 

0 . 5374 

0.5023 

0.4754 

YEAR  1 

0.9092 

0.8148 

0.7383 

0.5363 

0 . 4297 

0 . 409 1 

0.3847 

0.3845 

636 

653 

654 

65  i 

648 

645 

639 

633 

YEAR  2 

0.9271 

0 . 8432 

0.7339 

0.3713 

0.45 14 

0.3850 

0.3595 

0.3272 

623 

623 

621 

615 

609 

603 

591 

579 

YEAR  3 

0.9007 

0 . 8234 

0.7584 

0.5919 

0.5169 

0.4713 

0.4191 

0.3712 

739 

738 

733 

734 

731 

728 

722 

716 

YEAR  4 

0.9458 

0 . 883 1 

0.8164 

0.6509 

0.3174 

0 . 4428 

0.3771 

0.3574 

738 

736 

734 

730 

727 

724 

718 

712 

FISHZ 

0.9229 

0.8441 

0.7704 

0.5913 

0 . 4825 

0.4301 

0.3866 

0.3612 

LINEAR  REG 

0.8590 

0.8180 

0.7788 

0.6724 

© . 5805 

0.5011 

0.3735 

0.2783 

TOT  NUM  ODS 

1HR  COR 

2738 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9062 

0.8313 

0.7664 

0.3960 

0.4905 

0.4322 

0.3224 

0.2518 

YEAR  1 

0.9045 

0.8098 

0.7156 

0.4967 

0 . 3780 

0.3177 

0 . 2472 

0 . 2469 

717 

716 

715 

712 

709 

706 

700 

694 

YEAR  2 

0.8692 

0.7907 

0.7328 

0 . 3689 

0.4995 

0.4916 

0.4161 

0 . 3249 

423 

420 

417 

408 

399 

390 

373 

355 

YEAR  3 

0.9299 

0.8669 

0.8130 

0.6673 

0.5446 

0.4538 

0 . 2898 

0.2016 

624 

621 

618 

609 

600 

59  1 

573 

557 

YEAR  4 

0.0000 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0.0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

FISHZ 

0.9076 

0 . 8282 

0.7578 

0.3788 

0.4681 

0 . 4083 

0.3018 

0 . 2489 

LINEAR  REG 

0.8704 

0.8158 

0.7647 

0.6297 

0.5185 

0 . 4270 

0.2895 

0.  1963 

TOT  NUM  OBS 

IHR  COR 

1764 

JULY 

HR  l 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9224 

0 . 842  1 

0.7647 

0.5897 

0.4694 

0.3694 

0.2793 

0.2050 

YEAR  1 

0.9313 

0.8374 

0.7940 

0.6391 

0.5672 

0.5135 

0.4260 

0.3812 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  2 

0  8997 

0.7930 

0.6893 

0.3089 

0.4046 

0.2723 

0. 1608 

0.0542 

6  17 

6  14 

611 

601 

592 

583 

565 

547 

YEAR  3 

0.9332 

0.8603 

0.7830 

0.3766 

0 . 4289 

0.3106 

0.2182 

0.  1 157 

741 

740 

7ei 

736 

733 

730 

724 

718 

YEAR  4 

0.9099 

0 . 8249 

0.7440 

0.5660 

0.4412 

0.3449 

0.2639 

0.21 14 

702 

699 

696 

687 

678 

669 

656 

644 

FISHZ 

0.9207 

0.8378 

0.7505 

0.5838 

0.4663 

0.3698 

0.2773 

0.2027 

LINEAR  REG 

0.0920 

0 . 0207 

0.7698 

0.6171 

0.4948 

0.3966 

0.2549 

0 .  1 638 

TOT  NUM  OBS 

IHR  COR 

2803 

AUGUST 

HR  1 

HR  2 

im  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9362 

0 . 0732 

0.C164 

0.6840 

0.5870 

0.5169 

0.4392 

0.3654 

YEAR  1 

0.9213 

0.8384 

0.7553 

0.5343 

0.3943 

0 . 3429 

A  Anno 

V  •  OUv>4. 

C . 3233 

68) 

678 

676 

670 

664 

658 

646 

634 

YEAR  2 

0.0913 

0.HI40 

0,7522 

0.5910 

0.4614 

0.3000 

0.2745 

0.2097 

325 

321 

517 

305 

494 

483 

470 

464 

YEAR  3 

0.9238 

0.8400 

0.7679 

0.6323 

0.3391 

0.4921 

0 . 3808 

0.2638 

649 

646 

640 

634 

625 

6  16 

604 

592 

YEAR  4 

0.9438 

0.8890 

0.8390 

0.7196 

0.6 i69 

0.4062 

0 . 3347 

0.2522 

732. 

730 

728 

722 

7  16 

712 

706 

700 

FISHZ 

0.9247 

0.8310 

0 . 7047 

0.6204 

0.3128 

0.4310 

0.3481 

0.2661 

LINEAR  REG 

0.8922 

0.8406 

0.79  19 

0.6622 

0.3537 

0.4630 

0 . 3237 

0.2263 

TOT  NUM  ODS  1UR  COR 


2587 


t  lwiaur 


* 


SERIAL  CORREL  AT  I  OR  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  VISUM.  ATTENUATION  (PER  KM) 

SEPTEMBER 


HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9295 

0.6647 

0 . 8023 

0.6513 

0.5123 

0.4271 

0.3476 

0.2778 

YEAR  I 

0.9162 

0 . 8334 

0.7560 

0.5329 

0.3182 

0.  1691 

0 . 0540 

0.0946 

443 

442 

441 

438 

435 

432 

426 

420 

YEAR  2 

0.0925 

0.0107 

0.7517 

0.5908 

0.4457 

0.3732 

0.2772 

0 . 2285 

675 

673 

671 

665 

659 

653 

641 

632 

YEAR  3 

0.9205 

0.0463 

0.7648 

0.5637 

0.3742 

0.2517 

0.  1341 

0.0253 

632 

626 

630 

605 

595 

593 

505 

576 

YEAR  4 

0  9405 

0.0857 

0.0315 

0.7077 

0.5966 

0.5260 

0.4697 

0 . 3720 

719 

7  1 B 

717 

7  14 

711 

708 

702 

696 

fishz 

0.9220 

0.0502 

0.7817 

0.6129 

0.4564 

0.3593 

0.2664 

0.2013 

LINEAR  REG 

0.9000 

0.8418 

0.7804 

0.6219 

0.4956 

6.3950 

0.2508 

0.  1593 

TOT  RUM 

OBS 

1HR  COR 

2469 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  16 

HR  24 

OVERALL 

0.9526 

0.9119 

0.0739 

0.7749 

0.6925 

0.6408 

0.5507 

0.5105 

YEAR  1 

0.9250 

0. B334 

0.7009 

0.6031 

0.5061 

0.4388 

0.3962 

0.4125 

501 

379 

577 

57  1 

563 

559 

547 

337 

YEAR  2 

0.9656 

0.9341 

0.9010 

0.8072 

0.7054 

0.6349 

0.5177 

0.4394 

708 

707 

706 

703 

700 

697 

69  1 

685 

YEAR  3 

0.9242 

0.0533 

0.7933 

0.66  16 

0.5479 

0.4086 

0.3734 

0.3476 

696 

693 

699 

682 

673 

664 

647 

637 

YEAR  4 

0.9150 

0.0595 

0 . 009 1 

0.6769 

0.5559 

0.4666 

0.2893 

0.  1932 

743 

742 

741 

738 

735 

732 

726 

726 

FISHZ 

0.9365 

0.8823 

0.8315 

0.6997 

0.5883 

0.5109 

0.3965 

0.3458 

LINEAR  REG 

0  9  15  1 

0  072 1 

0 . 8-3  10 

0  7  192 

0  6223 

0  3307 

0 

0  3022 

TOT  RUM  0B8 

1HR  COR 

2728 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9490 

0.9079 

0 . 8702 

0.7786 

0.7160 

0.6650 

0.5878 

0.5461 

YEAR  I 

0.9196 

0.0693 

0.0285 

0.7113 

0.6194 

0.5615 

0.4765 

0.3926 

719 

710 

717 

714 

711 

706 

702 

696 

YEAR  2 

0.966! 

0.9374 

0.9  139 

0.0622 

0. 8286 

0.7945 

0.7351 

0.6846 

717 

716 

713 

7  12 

709 

706 

700 

694 

YEAR  3 

0.9125 

0.8437 

0.7696 

0.5752 

0 . 4375 

0 . 339 1 

0.2232 

0.2215 

717 

716 

621 

712 

709 

706 

700 

694 

YEAR  4 

0.9321 

0  0633 

0.0020 

0.6672 

0.5056 

0.5122 

0.3680 

0.3012 

6  19 

613 

607 

594 

503 

575 

562 

559 

FISHZ 

0.9366 

0. 8054 

0.8413 

0.7249 

0.6447 

0.5009 

0.4813 

0.4253 

LINEAR  REG 

0.9070 

0 . 6747 

0.0420 

0.7540 

0.6745 

0.6033 

0 . 4020 

0.3864 

TOT  RUM 

OBS 

1HR  COR 

2772 

DECEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

KR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9410 

0.0911 

0 . 8424 

0.7200 

0.6248 

0.5309 

0.5110 

0 . 4879 

YEAR  1 

0. 9628 

0.9267 

0.8800 

0.7715 

0.6698 

0.6006 

0.6037 

0.6177 

552 

549 

546 

537 

528 

5  19 

501 

484 

YEAR  2 

0.9663 

0.9379 

0.9  147 

0.0620 

0 . 0279 

0.7933 

0.7345 

0.6039 

693 

692 

691 

600 

605 

602 

676 

670 

YEAR  3 

0.9125 

0.8426 

0.7024 

0.6390 

0.3213 

0.4269 

0.3412 

0.3157 

743 

742 

720 

730 

735 

732 

726 

720 

YEAR  4 

0.9075 

0.6275 

0.7433 

0.5405 

0  4128 

0.3200 

0.2206 

0. 1435 

720 

723 

723 

7  17 

711 

706 

700 

694 

FISHZ 

0.9413 

0.8904 

0.0423 

0.7208 

0.6306 

0.5507 

0.4912 

0.4500 

LINEAR  REG 

0.9045 

0.8723 

0.0415 

0.7552 

0.6778 

0.6002 

0.4099 

0.3945 

TOT  RUM 

OBS 

1HR  COR 

2716 

1 


Nr 

i: 


t: 


I 


>v- 

C*' 


);;■ 

V/ 

v’. 

t*. 


G-4 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  VISUAL  EXTINCTION  (PER  KM) 

JANUARY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

e . 8892 

0.8366 

0.7950 

0.6944 

0.6231 

0.6823 

0.4717 

0 . 3728 

YEAR 

1 

0.8990 

0. 35  17 

0.8115 

0.6987 

0.5775 

0.4977 

0.3616 

0.2681 

703 

700 

696 

687 

681 

675 

666 

661 

YEAR 

2 

0 . 8669 

0.801 1 

0.7356 

0.6374 

0.3688 

0.5070 

0.3553 

0 . 2402 

717 

714 

714 

710 

707 

705 

699 

693 

YEAR 

3 

0.9031 

0.8299 

0.7796 

0.6538 

0.5449 

0.4940 

0.3291 

0.2215 

714 

712 

710 

704 

698 

692 

680 

668 

YEAR 

4 

0.8556 

0.7998 

0.7624 

0.6430 

0.5876 

0.8638 

0.4748 

0.3565 

716 

715 

714 

711 

708 

705 

699 

693 

FI8HZ 

0 . 8827 

0.82  16 

0.7735 

0.6586 

0.5692 

0.5165 

0 . 3823 

0 . 2729 

LINEAR  REC 

0.8648 

0.8230 

0.7833 

0.6751 

0. 5819 

0.5025 

0.3726 

0.2768 

TOT  NUM  OBS 

1HR  COR 

2030 

FEBRUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9222 

0.8638 

0.8094 

0.6564 

6.5553 

0 . 4739 

0 . 3689 

0.3137 

YEAR  1 

0.9154 

0.8384 

0 . 7668 

0.5918 

0.4894 

0.4172 

0.2800 

0.0711 

580 

575 

572 

561 

552 

544 

527 

51  1 

YEAR  2 

0 . 9343 

0.8834 

0.8248 

0.6682 

0.5584 

0.4612 

0.2869 

0 . 2402 

623 

621 

619 

613 

607 

601 

589 

577 

YEAR  3 

0.9091 

0.8412 

0.7781 

0.6012 

0.4654 

6.3502 

0 . 2027 

0.2063 

693 

692 

691 

688 

685 

682 

676 

670 

YEAR  4 

0.9213 

0 . 885 1 

0.8524 

0.7433 

0.6821 

0.6342 

0.6463 

0 . 6249 

630 

629 

628 

625 

622 

619 

613 

607 

FISHZ 

0.9204 

0  8636 

0 . 8085 

0.6558 

0.5547 

0.4721 

0 . 3706 

0.3119 

LINEAR  REC 

0.8964 

0.8504 

0 . 8067 

0.6086 

0.5878 

0.5018 

0.3657 

0.2665 

TOT  NUM  OBS 

1KR  COR 

2526 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.8857 

0.0160 

0.7754 

0.6373 

0.5248 

0.4433 

0 . 35B2 

© . 2972 

YEAR  1 

0.8731 

0.7978 

0.7714 

0.6511 

0.5318 

0.4163 

0.3253 

0.2552 

647 

644 

644 

634 

625 

6  <6 

599 

585 

YEAR  2 

0.7945 

0.7010 

0.6245 

0 . 4303 

0.2634 

0. 1932 

0.  1594 

0 . 0074 

457 

451 

446 

432 

421 

411 

389 

372 

YEAR  3 

0 . 883 1 

0.7937 

0.7446 

0.5894 

0.4962 

0.4332 

0.3088 

0 . 2738 

702 

699 

696 

691 

685 

680 

671 

664 

YEAR  4 

0.9021 

0.0406 

0.7962 

0.6394 

0.5065 

0.4117 

0.3178 

0.2569 

741 

740 

739 

736 

733 

730 

724 

718 

FISBZ 

0 . 8743 

0.7961 

0.7504 

0 . 597 1 

0 , 4729 

0 . 3848 

0.2923 

0 . 2232 

LINEAR  REC 

0.0520 

0.7977 

0.7469 

0.6131 

0.5033 

0.4131 

0.2783 

0. 1875 

TOT  NUM  OBS 

!HR  COR 

2547 

APRIL 

HR  1 

HR  2 

ER  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 8785 

0.8010 

0 . 7382 

0.5764 

0 . 4589 

0.4118 

0.3589 

0.2990 

YEAR  1 

0.8138 

0.7030 

0. 5986 

0.3766 

0.2642 

0.2399 

0.  1994 

0. 1435 

55  1 

547 

545 

536 

530 

526 

518 

506 

YEAR  2 

0.9030 

0.8387 

0.7778 

0.5988 

0.4552 

0.3593 

0.2795 

0.2265 

713 

7  1  1 

709 

706 

703 

700 

694 

688 

YEAR  3 

0 . 0330 

0.7  146 

0.6133 

6.4074 

0.2406 

0. 1988 

0. 1842 

0.  1229 

715 

714 

713 

710 

707 

704 

698 

692 

YEAR  4 

0.8587 

0.7798 

0.7448 

0.6063 

0.4965 

0.4724 

0.3891 

0 . 2736 

382 

380 

378 

372 

366 

360 

349 

337 

FISDZ 

0 . 8585 

0.7666 

0.6890 

0.4975 

0.3571 

0.3038 

0.2501 

0.1831 

LINEAR  REC 

0.8185 

0.7550 

0.6979 

0.5495 

0.4327 

0.3407 

0.2112 

0.  1309 

TT)T  NUM  OBS  1  UR  COR  236  1 


G-5 
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be 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  VISUAL  EXTINCTION  (PER  KM) 

MAY 


HR  i 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.883? 

0 . 8240 

0.7363 

0.6082 

0.5332 

0.4975 

0.4663 

0.4323 

YEAR  1 

0.7903 

0.7204 

0.6013 

0.3105 

0.2053 

0.2231 

0.0937 

0.  1603 

346 

344 

342 

336 

530 

524 

312 

300 

YEAR  2 

0.8931 

0 . 822 1 

0.7383 

0.3834 

0.3140 

0.4401 

0.3875 

0.3019 

549 

543 

341 

330 

3  18 

506 

487 

474 

YEAR  3 

0.8601 

0.7775 

0.6940 

0.3101 

0.4181 

0.3785 

0.3696 

0.3078 

733 

734 

733 

730 

727 

724 

718 

712 

YEAR  4 

0.86  16 

0.7877 

0.7278 

0.3534 

0.4317 

0.3683 

0.3575 

0.3704 

738 

736 

734 

730 

727 

724 

718 

712 

FISHZ 

0.8568 

0.7800 

0.6966 

0.3038 

0.4013 

0.3377 

0.3131 

0.2962 

LINEAR  REG 

TOT  RUM  OBS 

0.7957 

1HR  COR 

0.7314 

2368 

0.7096 

0.3976 

0.5033 

0.4239 

0 . 3006 

0.2132 

JUNE 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

s- 

OVERALL 

0.8333 

0.7310 

0.6303 

0  4838 

0.4179 

0.3689 

0.27O4 

0.2153 

IV 

YEAR  « 

0.8142 

0.6948 

0.5919 

0.3897 

0.3343 

0.3367 

0. 1678 

0. 1493 

715 

714 

713 

7  1  „ 

707 

•  704 

698 

692 

YEAR  2 

0.7857 

0.6718 

0.3882 

0.4380 

0.3894 

0 . 308 I 

0.2984 

0 . 2304 

iC’ 

407 

404 

399 

387 

373 

364 

349 

331 

K 

YEAR  3 

0.8833 

0.7993 

0.7420 

0.6023 

0.3189 

0.4637 

0.3769 

0.2884 

V 

3  1  1 

503 

493 

476 

462 

448 

431 

418 

YEAR  4 

0 . 0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

Sr 

FISHZ^ 

0.8331 

0.7263 

0.6432 

0.4763 

0.4149 

0.3698 

0.2619 

0.2090 

LINEAR  REG 

A  —TOA 

V . « • 07 

S , 7234 

a 

V  •  V  •  W 

0 . 5523 

0  4312 

0 . 3685 

0.2439 

0. 1640 

kA 

TOT  NUM  OES 

1HR  COR 

1633 

V% 

JIT..Y 

S* 

HR  1 

HR  2 

'HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

h 

OVERALL 

0.8777 

0.7942 

0.7278 

0.3328 

0.4430 

0.3358 

0.2362 

0. 1003 

K- 

YEAR  1 

0.B329 

0.7112 

0.6335 

0.4917 

0 . 4283 

0.3618 

0 . 286 1 

0.2686 

-kv 

741 

740 

739 

736 

733 

730 

724 

718 

r, 

W  * 

YEAR  2 

0 . 827 1 

0 . 7337 

0.6971 

0.5449 

0.4419 

0.3674 

0.187! 

0.  1339 

r" 

373 

370 

367 

337 

348 

339 

321 

303 

YEAR  3 

0.9111 

0.8421 

0.7746 

0.3783 

0.4340 

0.3538 

0.2039 

0.0327 

& 

602 

600 

399 

596 

593 

590 

384 

578 

YEAR  4 

0.8640 

0.7621 

0.6824 

0.4548 

0.31  9 

0.  19  12 

0.0793 

0. 1039 

343 

340 

537 

328 

3.  ) 

sie 

492 

474 

rr. 

FISHZ 

0.8648 

0.7706 

0.6976 

0.3164 

0.4117 

0.3220 

0.2017 

0. 1523 

V 

LINEAR  KEG 

0 . 8390 

0.7704 

0.7074 

0.5477 

0.4241 

0 . 3203 

0.  1968 

0. 1 180 

’-P 

TOT  NUM  OBS 

1HR  COR 

2259 

I V, 

b 

b 

b 

AUGU8T  U 


HR  ! 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

(T 

OVERALL 

0 . 8776 

0.7923 

0.7370 

0.6133 

0.5272 

0.4369 

0 . 3484 

0.2643 

K- 

YEAR 

1 

0.8980 

0.8309 

0.7763 

0.6000 

0.4689 

0.3831 

0.3630 

0.2299 

K- 

617 

608 

602 

3  BY 

574 

563 

548 

539 

V. 

YEAR 

2 

0.8273 

0.7269 

0.6821 

0.5344 

0 . 4320 

0.3776 

0.2818 

0. 1545 

31  1 

506 

302 

49  1 

480 

468 

458 

452 

r- 

YEAR 

3 

0.8672 

0.7366 

0.6001 

0.3635 

0 . 4047 

0.4406 

0 . 3254 

0.2417 

621 

618 

615 

606 

397 

588 

570 

552 

YEAR 

4 

0. 8636 

0.7731 

0.7191 

0.6076 

0.3328 

0.4360 

0.2602 

0. 1923 

743 

742 

741 

738 

735 

732 

726 

720 

FISHZ 

0.8670 

0.7763 

0.7181 

0.3806 

0.4860 

0.4133 

0.3057 

0 . 2060 

F 

LINEAR  REG 

0.8334 

0 . 7823 

0.7343 

0.6072 

0 . 3022 

0.4153 

0.2840 

0. 1942 

b 

TOT  NUM  OBS 

1  HR  COR 

2492 

(> 

l>. 

l; 

G-6  ^rvvi, 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  VISUAL  EXTINCTION  (PER  KX) 

SEPTEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 8927 

0.8342 

0.7939 

0.6794 

0.3771 

0.5326 

0.4401 

0.3654 

YEAR  1 

8. 6338 

0.3760 

0.5812 

0.4607 

0.2437 

0.2144 

0.0033 

0.0210 

367 

365 

363 

362 

339 

356 

330 

344 

YEAR  2 

0.8603 

0.7074 

0.7325 

0.3822 

0.4987 

0.4732 

0.3455 

0.2665 

656 

632 

648 

639 

630 

622 

610 

600 

YEAR  3 

0.9069 

0.8273 

0.7373 

0.6006 

0.4442 

0.3331 

0.2632 

0.  1564 

662 

659 

656 

647 

630 

629 

611 

593 

YEAR  4 

0.9299 

0.8699 

0.8170 

0.6796 

0.3504 

0.4612 

0.3509 

0.2147 

310 

308 

306 

300 

294 

288 

276 

264 

FISH7. 

0.8688 

9.7892 

0.7333 

6.3844 

0.4450 

0.0882 

0.2378 

0.  1771 

LINEAR  REG 

0.8317 

0.7921 

0.7366 

0.3924 

0.4763 

0.3832 

0.2479 

0.  1604 

TOT  NUM 

OBS 

1 HR  COR 

1995 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9243 

0.8721 

0.8277 

0.7232 

0.6506 

0.5932 

0.5066 

0.4617 

YEAR  1 

0.9217 

0.8730 

0 . 8332 

0.7366 

0.6736 

0.6130 

0.5257 

0.5097 

489 

486 

483 

474 

466 

460 

448 

437 

YEAR  2 

0.9397 

0.9000 

0.8521 

0.7231 

0.6102 

0.5361 

0 . 4246 

0.3596 

698 

696 

694 

688 

684 

681 

675 

669 

YEAR  3 

0.8953 

0.7960 

0 . 7283 

0.6066 

0.5073 

0 . 4407 

0.3579 

0.3461 

692 

689 

687 

678 

669 

661 

642 

632 

YEAR  4 

0.8618 

0 . 7803 

0.7168 

0.3688 

0. 49e6 

0 . 4248 

0.2887 

0. 1868 

743 

742 

741 

738 

735 

732 

726 

720 

FISHZ 

0.9071 

0.8413 

0.7833 

0.6568 

0.3649 

0.4971 

0.3892 

0.336B 

LINEAR  REG 

0 . 8729 

0.8323 

0.7939 

0.6083 

0.5972 

0.5179 

0 . 3896 

0.2930 

TOT  NUM 

OBS 

1HK  COR 

2622 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9097 

0.8672 

0 . 8227 

0.7199 

0.6359 

0.6096 

0.5581 

0.5140 

YEAR  1 

0 . 8367 

0.7499 

0.6967 

0.0179 

0.4173 

0 . 4030 

0.3306 

0.2054 

714 

712 

711 

708 

705 

703 

698 

692 

YEAR  2 

0.9474 

0.9234 

0 . 8989 

0.8487 

0.8172 

0.7853 

0.7499 

0.6879 

701 

700 

699 

697 

693 

690 

684 

678 

YEAR  3 

0 . 8760 

0.8093 

0.7017 

0 . 4802 

0.3436 

0.2522 

0 . 2003 

0.2185 

717 

7  16 

713 

712 

7«9 

706 

700 

694 

YEAR  4 

0.8399 

0.8108 

0.7334 

0.6340 

0.3513 

0.4812 

0.38B8 

0.339 1 

696 

694 

692 

686 

680 

674 

662 

652 

FISHZ 

0.8887 

0 . 0342 

0.7796 

0.6481 

0.5632 

0.51  16 

0.4468 

0.3845 

LINEAR  REG 

0.0488 

0.0156 

0.7836 

0.6952 

0.6167 

0.3471 

0 . 4306 

0 . 3389 

TOT  NUM 

OBS 

1HR  COR 

2028 

DECEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.8894 

0.8236 

0.7681 

0.6280 

0.3271 

0.4673 

0.4264 

0.4090 

YEAR  1 

C .  9334 

0.8979 

0.8543 

0.7441 

0.63B8 

0. 5886 

0.6132 

0.6316 

574 

572 

370 

564 

558 

352 

540 

528 

YEAR  2 

0.9473 

0.9238 

0.8998 

0.8483 

0.8156 

0.7830 

0.7497 

0.6872 

677 

676 

673 

673 

669 

666 

660 

654 

YEAR  3 

0.8353 

0.7569 

0.7101 

6 . 5473 

0.4331 

0.3574 

0.2686 

0.2719 

736 

734 

733 

730 

727 

724 

720 

714 

YEAR  4 

0.8408 

0.7377 

0.6433 

0.4344 

0.3457 

0.2719 

0.  185  1 

0.0997 

738 

736 

733 

732 

729 

726 

720 

714 

FISHZ 

0.8977 

0.8429 

0.7932 

0.6666 

0.5823 

0.3230 

0.4745 

0.4343 

LINEAR  REG 

0.8323 

0 . 8226 

0.7938 

0.7136 

0.6414 

0.3766 

0.4059 

0.3764 

TOT  NUM 

OBS 

I  HR  COR 

2725 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBDRG  AEROSOL  INFRARED  TRANSMISSION  3. 4-5.6  MICRONS  (50 

JANUARY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7266 

0.6283 

0.5531 

0.4337 

0.3894 

0.3545 

0.2873 

0.2345 

YEAR  1 

0.6417 

0.3495 

0 . 4982 

0.3792 

0.3154 

0.2765 

0.2189 

0.  1741 

642 

638 

634 

623 

6  19 

613 

605 

599 

YEAR  2 

0.7190 

0.6074 

0.5164 

0.4516 

0. 3936 

0.3279 

0.2339 

0. 1453 

702 

697 

697 

693 

690 

687 

681 

676 

YEAR  3 

0 . 6886 

0.3907 

0.4944 

0.3224 

0.3077 

6.2928 

0. 1837 

0.  1681 

728 

726 

723 

716 

713 

710 

704 

698 

YEAR  4 

0.7261 

0.5941 

0.3109 

0.2848 

0.2290 

0.2136 

0 . 2220 

0.  1548 

698 

696 

696 

69  1 

687 

683 

677 

672 

FISHZ 

0  6963 

6.5866 

0.3051 

0.3605 

0.3126 

0 . 2785 

0.2143 

0. 1603 

LINEAR  REC 

TOT  NUM  OBS 

0 . 6322 

1HR  COR 

0.5680 

2770 

0.3470 

6.4402 

6 . 3543 

0.2831 

0. 1847 

0.  1  196 

FEBRUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7798 

0.6927 

0.5315 

0.4423 

0.3336 

0.2635 

0 . I 402 

0.0989 

YEAR  1 

0.7899 

0.6850 

0.6039 

0.4570 

0.3584 

0.3014 

0 . 2008 

0.0919 

623 

6  18 

615 

603 

599 

594 

583 

573 

YEAR  2 

0.7635 

0.6786 

0.6268 

0.3918 

0.2701 

0.2393 

0. 1033 

0. 1375 

573 

573 

566 

353 

344 

540 

531 

519 

YEAR  3 

0.8113 

0.725 1 

0.6631 

0.4956 

0.3733 

0.2267 

0.0392 

0.0337 

67  1 

667 

663 

657 

652 

646 

642 

636 

'l  EAR  4 

0.6965 

0.6256 

0.5704 

0.3408 

0 . 2829 

0.2917 

0.2963 

0.2732 

606 

604 

602 

396 

590 

384 

572 

36  1 

FISHZ 

0.7700 

0.6814 

0.6108 

0.4257 

0 . 3242 

0.2647 

0.  159  1 

0. 1317 

LINEAR  REC 

0.7455 

0.6794 

0.6192 

0.4688 

0.3549 

0 . 2686 

0. 1340 

0.0882 

TOT  NUM  OBS 

1HR  CGR 

2473 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7281 

0.6411 

0.5699 

0 . 403 1 

0.3332 

0.2787 

0.2228 

0 . 2239 

YEAR  1 

0.7908 

0.7638 

0 . 7283 

0.6127 

0.5760 

0.5353 

0.4851 

0 . 4184 

618 

6  15 

614 

602 

594 

383 

567 

551 

YEAR  2 

0 . 6404 

0.4609 

0 . 3306 

0.  1038 

0.0215 

0 . 0209 

0.0233 

0.0093 

653 

649 

646 

637 

632 

628 

618 

60? 

YEAR  3 

0.6797 

0.5376 

0.4176 

0.2081 

0. 1309 

0 . 047 1 

0.0288 

0.0902 

698 

695 

692 

687 

681 

676 

667 

660 

YEAR  4 

0.6354 

0.5368 

0.4746 

0.2507 

0.0903 

0.0065 

0.0737 

0 . 0387 

726 

723 

721 

717 

714 

710 

704 

699 

FISHZ 

0.6894 

0.5840 

0.5004 

0.3022 

0.2096 

0.  1323 

0. 1508 

0.  1390 

LINEAR  REC 

0.6343 

0.5769 

0.5247 

0.3948 

0.2971 

0 . 2235 

0. 1265 

0.0716 

TOT  NUM  OBS 

1HR  COR 

2695 

APRIL 

HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6100 

0.5232 

0.4326 

0.2198 

0. 1373 

0.  1255 

0.0672 

0. 1489 

YEAR  1 

0.4399 

0. 3385 

0.2414 

0.0848 

0 . 0388 

0. 1021 

0. 1501 

0. 1546 

542 

538 

535 

323 

5  16 

512 

504 

494 

YEAR  2 

0.6265 

0.5383 

0.4664 

0.2413 

0. 1060 

0.0428 

0.0199 

0.  136© 

701 

699 

696 

692 

689 

636 

680 

674 

YEAR  3 

0.5656 

0.4358 

0 . 0405 

0.  1350 

0.0656 

0.0913 

0.0543 

0 . 070 1 

708 

705 

703 

700 

697 

694 

689 

682 

YEAR  4 

0.6683 

0.6426 

0.5059 

0. 1801 

0.0743 

0.0117 

0.0130 

0.0119 

380 

377 

374 

368 

362 

356 

344 

332 

FISHZ 

0.5766 

0.4046 

0.3866 

0.  1636 

0.0778 

0.0664 

0.9393 

0.  1073 

LINEAR  REC 

0.5284 

0.4749 

0.4268 

0.3099 

0.2230 

0.  1633 

0.0861 

0.0434 

TOT  NUM  OBS 

1HR  COR 

2331 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENDURC  AEROSOL  INFRARED  TRANSMISSION  3. 4-8.0  MICRONS  (S) 

MAY 


JUNE 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.4677 

0.3799 

0.3079 

0.  1733 

0. 1248 

0.  1521 

0.0815 

0.0784 

YEAR 

1 

0.4653 

0.3389 

0.2870 

0.0938 

0.0918 

0. 1537 

0.0513 

0 . 0474 

7  10 

707 

706 

703 

700 

697 

693 

687 

YEAR 

2 

0.4620 

0 . 45  1 4 

0.3290 

0.2645 

0.0962 

0.0549 

0.0351 

0.0411 

409 

406 

401 

390 

378 

367 

347 

323 

YEAR 

3 

0.4639 

0.3832 

0.3134 

0.229 1 

0. 1877 

0.2059 

0.  1632 

0.1610 

570 

560 

552 

536 

525 

5  19 

508 

506 

YEAR 

4 

0.0000 

0 . 0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 . 0000 

0 . 0000 

0 

0 

0 

0 

0 

0 

0 

0 

FISHZ 

0.4643 

0.3819 

0.3060 

0. 1801 

0. 1244 

0. 1484 

0.0847 

0.0843 

Lihtmx  iiLo 

v. ti55 

V  .  V»UVU 

v . 3442 

\f  •  «>W«i  M 

«f  •  «  / 

TOT  NUM  0B8 

I  HR  COR 

16.19 

JULY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.5096 

0.4842 

0 . 4227 

0 . 2829 

0. 1692 

0.0924 

0.  1364 

0.  19  18 

YEAR 

I 

0.3301 

0.2439 

0. 1790 

0. 1580 

0.0711 

0 . 0037 

0.0139 

0.0770 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR 

2 

0.6463 

0.5748 

0.5477 

0.3135 

0.  1694 

0.0966 

0. 1403 

0.0964 

631 

627 

623 

610 

398 

386 

563 

345 

YEAR 

3 

0.7196 

0.6762 

0.6 1R5 

0.5115 

0.4050 

0 . 3209 

0.4195 

0.5142 

509 

375 

562 

530 

5  12 

500 

502 

508 

YEAR 

4 

0.6403 

0  4583 

0.3726 

0.  1969 

0.0820 

0  -  0042 

0.0325 

0.  1360 

716 

714 

712 

706 

700 

694 

682 

670 

FI8HZ 

0.5921 

0.4890 

0.4252 

0 . 2843 

0. 1681 

0.0933 

0.  1330 

0. 1973 

LINEAR  REC 

0.5194 

0.4071 

0.4568 

0.3769 

0.3109 

0.2565 

0. 1746 

0.  1  188 

TOT  NUM  OBS  1IIR  COR 


2679 


AUCUST 


i,  <>  i 


fr: 


►V.' 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.5904 

0.4573 

0.3659 

0.2155 

0. 1383 

0.  1463 

0.  1903 

0.2069 

fra 

YEAR  1 

0.5009 

0.36  17 

0.2532 

0.0409 

0.0682 

0.0036 

0.1810 

0.1471 

221 

2  19 

217 

211 

205 

199 

187 

175 

YEAR  2 

0.6079 

0.4006 

0.3012 

0.0954 

0.  1001 

0.0410 

0.0655 

0 . 0920 

570 

567 

564 

533 

548 

542 

530 

518 

YEAR  3 

0.5975 

0.4777 

0.3966 

0.2603 

0.  1513 

0. 1818 

0.  19  13 

0.  1944 

_ _ 9 

717 

713 

713 

706 

703 

700 

696 

692 

YEAR  4 

0.4306 

0.4064 

0.2314 

0. 1063 

0.0452 

0.0670 

0.0674 

0 . 0183 

196 

194 

192 

188 

185 

182 

176 

170 

FISHZ 

0.5722 

0.4325 

0.329 1 

0.  16  15 

0.1121 

0.  1008 

0.  1350 

0. 1363 

LINEAR  REC 

0 . 487 1 

0.4483 

0.4131 

0.3226 

0.2320 

0.  1968 

0. 1200 

0.0732 

TOT  NUM  OBS 

1  HR  COR 

1704 

m 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  10 

HP  24 

OVERALL 

0.5814 

0.4838 

0.4169 

0.2601 

0. 1047 

0. 1447 

0. 1785 

0. 1936 

YEAR 

1 

0.5102 

0.425 1 

0.3813 

0.2239 

0.1311 

0.0798 

0. 1796 

0.  1401 

V.-'i 

603 

602 

599 

394 

387 

381 

370 

557 

YEAR 

2 

0.3414 

0.4024 

0.3211 

0.1416 

0.  1000 

0.0731 

0.0780 

0.1271 

<v>1 

507 

502 

498 

488 

473 

464 

433 

448 

YEAR 

3 

0.5414 

0.3963 

0.3186 

0.0887 

0.0470 

0.0333 

0.1123 

0.3010 

443 

419 

398 

349 

321 

307 

3)9 

339 

YEAR 

4 

0.5937 

0.3099 

0.4082 

0.2596 

0.1613 

0.  1079 

0.6847 

0.0950 

737 

736 

735 

732 

729 

726 

720 

715 

FISHZ 

0.3510 

0.4438 

0.3663 

0. 1963 

0. 1220 

0 . 0047 

0.1139 

0.  1490 

LINEAR  REG 

0. 4814 

0.4454 

0.4120 

0.3262 

0.2383 

0.2045 

0. 1282 

0.0804 

TOT  NUM  OBS 

1HR  COR 

2292 

m 


\  1  " 


S3 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  AEROSOL  INFRARED  TRANSMISSION  3. 4-3.0  MICRONS  (X) 

SEPTEMBER 


HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.5967 

0.4904 

0.3961 

0.  1783 

0.0467 

0.0397 

0.059 1 

0. 1322 

YEAR  1 

0.0000 

0 . 0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0.0000 

0 . 0000 

0 

0 

0 

0 

0 

0 

0 

0 

YEAR  2 

0.3377 

0.4B33 

0.3834 

0. 1093 

0 . 082 1 

0.  1509 

0.0625 

0. 1727 

636 

652 

648 

639 

630 

622 

6  10 

600 

YEAR  3 

0.6503 

0.5038 

0.4348 

0.2218 

0.0333 

0 . 0536 

0.0213 

0 . 0B34 

637 

633 

627 

616 

606 

597 

579 

562 

YEAR  4 

0.3917 

0.4693 

0.3371 

0.  1823 

0.0037 

0.0612 

0.0700 

0.  1799 

694 

69  1 

688 

682 

677 

673 

667 

66  1 

FISHZ 

0.5946 

0.4865 

0.3911 

0.  17  13 

0.0390 

0 . 0883 

0.0524 

0. 1480 

LINEAR  rec 

0.5275 

0.4867 

0.4490 

0.3526 

0.2769 

0.2175 

0. 1341 

0.0027 

TOT  NUM  OBS 

1  UR  COR 

1987 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.8630 

0.8192 

0.7669 

0.7079 

0.6825 

0.6632 

0.6533 

0.6934 

YEAR  1 

0.7342 

0.6432 

0.3341 

0.4337 

0.3740 

0 . 3260 

0.2962 

0.2902 

498 

49  1 

484 

465 

452 

446 

442 

430 

YEAR  2 

0.7863 

0.6946 

0.6236 

0.4713 

0.3584 

0.2576 

0.2122 

0.2350 

643 

641 

639 

63  1 

622 

6  13 

600 

587 

YEAR  3 

0.7500 

0.6100 

0.4894 

0.3264 

0.2333 

0. 1604 

0. 1543 

0.  1773 

670 

676 

672 

663 

653 

645 

626 

616 

YEAR  4 

0.5202 

0.4041 

0.2274 

0.0599 

0.0206 

0 . 0380 

0.0426 

O.  1766 

6  10 

396 

585 

334 

528 

312 

521 

534 

FISHZ 

0.7113 

0.3980 

0 . 4870 

0.3315 

0.2504 

0. 1966 

0. 1733 

0.2156 

LINEAR  REC 

0.6269 

0.5843 

0.3446 

0.4410 

0.3571 

0 . 289 1 

0.  1896 

0. 1243 

TuT  NUM  OBS 

I  HR  COR 

2429 

• 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

overall 

0.7036 

0.6083 

0.3392 

0.3231 

0 . 2B05 

0.2678 

0.2589 

0.3529 

YEAR  1 

0.6907 

0.5933 

0.5340 

0.3712 

0  3117 

0.3033 

0.2892 

0 . 247  1 

705 

703 

701 

696 

693 

690 

684 

678 

YEAR  2 

0 . 786 1 

0.7342 

0.693  1 

0.3480 

0.4657 

0.4219 

0.4361 

0.3960 

64  1 

636 

633 

628 

6  18 

61  1 

605 

598 

YEAR  3 

0  6137 

0.4396 

0.3429 

0.0263 

0.0312 

0 . 0380 

0.0439 

0 . 2686 

5  15 

512 

5  10 

305  . 

499 

493 

481 

469 

YEAR  4 

0.6468 

0.3697 

0.4976 

0.3242 

0. 2860 

0.2956 

0.2235 

0.2985 

689 

686 

683 

674 

668 

662 

630 

640 

FISHZ 

0.6933 

0 . 6080 

0.3371 

0.3441 

0.2929 

0.2819 

0.2644 

0.3036 

LINEAR  REG 

0.6116 

0.5841 

0.337B 

0.4838 

0.4230 

0.3604 

0.2794 

0.2119 

TOT  NUM  OBS 

1  HR  COR 

2530 

DECEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 6783 

0.5534 

0.4673 

0.2704 

0.  1956 

0. 1594 

0.  1272 

0.  1  193 

YEAR  1 

0.7572 

0.6427 

0.5130 

0.2376 

0  .  1212 

0.0828 

0.  1299 

0.2172 

476 

473 

469 

462 

455 

448 

436 

422 

YEAR  2 

0.6639 

0.3 100 

0.4218 

0.2856 

0 . 2350 

0.2272 

0.  1376 

0. 1447 

717 

713 

712 

709 

710 

708 

702 

697 

YEAR  3 

0.6126 

0.4363 

0.4667 

0.2366 

0.  1842 

0. 1474 

e.  1030 

0.0355 

73  1 

730 

730 

726 

723 

720 

714 

708 

YEAR  4 

0.6395 

0.5587 

0.4339 

0.2375 

0.2047 

0. 1363 

0 . 0786 

0.0255 

73  1 

728 

726 

722 

719 

7  17 

710 

704 

FISHZ 

0.6633 

0.5336 

0.4544 

0.2594 

0.  1930 

0. 1554 

0.1103 

0.0992 

LIN  :AR  REG 

0.6089 

0.3435 

0.4850 

0.3448 

0 . 243  1 

0.  1742 

0 . 0880 

0.0445 

TOT  NUM  OBS  l HR  COR  2635 


G-10 


SERIAL  CORRELATION  COEFF IC I FNTS  AND  EXPONENT  I  AL  DECAY  FUNCTIONS 
YFENBURC  EQUIVALENT  INFRARED  AEROSOL  EXTINCTION  3. 4-5.0  MICRONS  (PER  KM) 

JANUARY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 720 1 

0.6268 

0.5513 

0.4482 

0.4I19 

0.3659 

0.3038 

0.2601 

YEAR  I 

0.6349 

0.5382 

0.4910 

0.3849 

0.3213 

0.2854 

0.2323 

0.1919 

642 

630 

634 

625 

6  19 

6  13 

605 

599 

YEAR  2 

0.7188 

0.6 128 

0.5081 

0.4417 

0.4096 

0.3250 

0 . 2220 

0. 1670 

702 

697 

697 

693 

690 

687 

681 

676 

YEAR  3 

0.6717 

0.5703 

0.4046 

0.3435 

0.3203 

0.2851 

0.2003 

0. I860 

728 

726 

723 

7  16 

7  13 

710 

704 

698 

YEAR  4 

0.7133 

0.5926 

0.3046 

0.3039 

0.2471 

0.2259 

0.2566 

0.  1578 

698 

696 

696 

69  1 

607 

683 

677 

672 

FISHZ 

0.6870 

0.5799 

0.4971 

0.369  1 

0.3260 

0 . 2809 

0.2275 

0. 1756 

L 1 N  FAR  REG 

0.6206 

0.5804 

0.5429 

0.4442 

0.3635 

0.2974 

0.  199  1 

0. 1333 

TOT  NUM  OBS 

1 HR  COR 

2770 

FEBRUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7716 

0.681 1 

0.6  160 

0.4307 

0.3240 

0.2528 

O. 1452 

6. 1304 

YEAR  1 

0.7967 

0.6987 

0.6260 

0.4541 

0.3624 

0.3143 

0.2203 

0. 1268 

623 

6  18 

6  15 

605 

599 

394 

383 

573 

YEAR  2 

0.7654 

0.6732 

0.6158 

0.4047 

0  2704 

0.2201 

0.  1112 

0. 1681 

573 

573 

566 

555 

544 

540 

531 

519 

YEAR  3 

0.7807 

0.6822 

0.6137 

0.4474 

0.3312 

0.  1792 

0 . ^077 

C . 0026 

671 

667 

663 

657 

652 

640 

642 

636 

YEAR  4 

0.7032 

0.6344 

0.5679 

0.3471 

0.2745 

0 . 2832 

0.285 1 

0.2560 

606 

604 

602 

596 

590 

584 

572 

561 

FISHZ 

0.7643 

0.6732 

0.6067 

0.4134 

0.3117 

0 . 2489 

0. 1545 

0. 1345 

LINEAR  REG 

0.7362 

0.6702 

0.6100 

0.4600 

0.3469 

0.2617 

0. 1488 

0 . 0846 

TftT  Nim*  nnc 

•  V  »  **w»*  V  «^V 

1 1.  u  rwio 

04-40 
«-T  «  O 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

UR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.73P3 

0.6425 

0.5732 

0 . 405 1 

0.3354 

0.2811 

0.2356 

0.2429 

YEAR  1 

0.8158 

0 . 7780 

0.7413 

0.6132 

0.6041 

0.5595 

O.50i7 

0.4346 

6  18 

6  15 

6  14 

602 

394 

583 

567 

551 

YEAR  2 

0.6306 

0.4524 

0.3310 

0. 1043 

0  0219 

0.0112 

0.0096 

0.0281 

653 

649 

646 

637 

632 

628 

6  18 

607 

YEAR  3 

0.6964 

0.5598 

0.4533 

0 . 2283 

0. 1477 

0.0656 

0.0019 

0.0952 

698 

695 

692 

687 

601 

676 

667 

660 

YEAR  4 

0.6326 

0.5060 

0.4400 

0.2601 

0.0445 

0.0394 

0 . 0042 

0.0119 

726 

723 

72  1 

717 

714 

710 

704 

699 

FISHZ 

0.6993 

0.5054 

0.5050 

0.3099 

0.2113 

0.  1711 

0. 1473 

0.  136  1 

LINEAR  REG 

0.6425 

0.5834 

0.5297 

0.3965 

0.2968 

0 . 2222 

0. 1245 

0.0690 

TOT  NUM  OBS 

1  HR  COR 

2695 

APRIL 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  !0 

HR  24 

OVERALL 

0.5780 

0.5032 

0.4218 

0.2275 

0. 1492 

0 .  1 280 

0.O791 

0.  1446 

YEAR  I 

0.4197 

0.33  10 

0.2473 

O  .  0943 

C. 0730 

0 . 0903 

0.  1596 

0.  1454 

542 

538 

535 

523 

5  16 

5  12 

50* 

494 

YEAR  2 

0.5804 

0.4981 

0.4384 

0.2420 

0. 1099 

0.0381 

0.0205 

0.  1546 

70  ! 

699 

696 

692 

689 

686 

600 

674 

YEAR  3 

0.5343 

0.4292 

0.3374 

0. 1445 

0.0781 

0.0894 

0.0347 

0.0533 

708 

705 

703 

700 

697 

694 

689 

602 

YEAR  4 

0.6311 

0.6 154 

0.4090 

0.  1812 

0.0766 

0.0209 

0.0170 

0.0130 

300 

377 

374 

360 

362 

356 

344 

332 

FISHZ 

0.5411 

0.4627 

0.3747 

0.  1690 

0.0864 

0.0632 

0.0562 

0.0998 

LINEAR  REC 

0.5014 

0.4490 

0.4035 

0.29  13 

0.2103 

0.  15  18 

0.0791 

0.04  12 

TOT  Nl'M  OBS  I  HP.  COR  2331 


G-ll 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 


YPENBURC 

EQUIVALENT  INFRARED  AEROSOL 

EXTINCTION  3.4-3, 

.0  HI CRONS 

(PER  KM) 

NAY 

HR  I 

HR  2 

HR  3 

HR  6 

UR  9 

im  12 

HR  18 

HR  24 

OVERALL 

0.6050 

0.4792 

0 . 4836 

0.2347 

0. 1902 

0.  1923 

0. 1870 

0. 1944 

YEAR  1 

0.6002 

0.4619 

0.3377 

0.0867 

0.0466 

0.0989 

0.  1386 

0.  1517 

221 

219 

217 

21  1 

~'5 

199 

187 

175 

YEAR  2 

0.6226 

0.4355 

0.3137 

0.1114 

0. 1380 

0.0710 

0.0571 

0.0832 

570 

367 

364 

555 

348 

542 

330 

5  18 

YEAR  3 

0.3630 

0.4379 

0.3641 

0.2344 

0. 1898 

0.2007 

0.  1833 

0. 1684 

717 

715 

713 

706 

703 

700 

696 

692 

YEAR  4 

0.4407 

0.4120 

0.2464 

0.  1141 

0.0563 

0 . 0896 

0 . 0400 

0.0417 

196 

194 

192 

188 

185 

182 

176 

170 

FI  SHZ 

0.576 1 

0.4441 

0.3336 

0. 1706 

0. 1402 

0.  1335 

0.1216 

0. 1247 

LINEAR  REG 

0.4967 

6.4533 

0.4141 

0.3153 

0.2400 

0. 1827 

0. 1059 

0.0614 

TOT  NUN  OBS 

I HR  COK 

1704 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.4414 

0.3374 

0.2e43 

0.  1353 

0.  1  199 

0. 1526 

0.0769 

0.06  14 

YEAR  1 

0.4433 

0.3199 

0.2750 

0.0907 

0.0924 

0. 1626 

0.0447 

0.0446 

710 

707 

706 

703 

700 

697 

693 

687 

YEAR  2 

0 . 4260 

0.4179 

0.2674 

0.2279 

0 . 0887 

0.0674 

0.0254 

0.0043 

409 

406 

401 

390 

378 

367 

347 

323 

YEAR  3 

0.4350 

0.3618 

0.2976 

0.  1951 

0. 1709 

0. 1785 

0.  1386 

0.  1233 

570 

560 

552 

336 

525 

519 

308 

306 

YEAR  4 

0 . 0000 

0 . 0000 

0.0000 

0 . 0000 

0 . 0000 

o.oeoe 

0.0000 

0.0000 

O 

0 

0 

e 

0 

0 

0 

0 

r  I  SHZ 

0.4372 

0.3583 

0.2607 

0.  1584 

0.  1  174 

0.  1461 

0 . 078 1 

0.0624 

LINEAR  REG 

0.3974 

0.3374 

0.3214 

0.2337 

0. 1700 

0. 1236 

0.0634 

0 . 0346 

TOT  NUN  OBS 

urn  cor 

1689 

JULY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.5937 

0 . 4884 

0 . 4290 

0 . 2989 

0.  1998 

0. 1283 

0. 1436 

0.  1829 

YEAR  I 

0.3721 

0.2497 

0.  1920 

0.  1789 

0 . 0820 

6.0186 

0.0093 

0.0876 

743 

742 

741 

738 

733 

732 

726 

720 

YEAR  2 

0.6197 

0.3568 

0.5307 

0.3232 

0.2944 

0. 1482 

0. 1293 

0.0378 

631 

627 

623 

6  10 

598 

586 

563 

545 

YEAR  3 

0.7133 

0.6690 

0.6225 

0.3325 

0 . 4785 

0.4185 

0.4641 

0.4995 

589 

373 

562 

530 

512 

508 

502 

308 

YEAR  4 

0.6377 

0.4615 

0.3675 

0.185  1 

0 . 0875 

0.0124 

0.0351 

0. 1360 

716 

714  ' 

712 

706 

700 

694 

682 

670 

FI  SHZ 

0. 5b96 

0.4841 

0.4247 

0.2999 

0.  1986 

0.  1325 

0. 1429 

0.  1838 

LINEAR  REG 

0.3203 

0.4839 

0.4538 

0.3696 

0.3011 

0.2452 

0. 1627 

0. 1079 

TOT  NUN  OBS 

I HR  COR 

2679 

AUGUST 

HR  1 

HR  2 

HR  3 

IIR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.5735 

0.4897 

0 . 4085 

0.3368 

0.2137 

0.  1894 

0. 1895 

0 . 204 1 

YEAR  1 

0.4926 

0.440? 

W.3709 

0 . 2t53 

O. 1344 

6.  1209 

0 . 1 87 4 

6. 1043 

605 

602 

599 

394 

587 

581 

570 

557 

YEAR  2 

O . 5085 

0.3940 

0.3083 

0. 1639 

0. 1323 

0.0908 

0.0981 

0. 1776 

507 

302 

498 

488 

475 

464 

453 

448 

YEAR  3 

0.5331 

0.3929 

0.3260 

0. 1736 

0.  1602 

0.  1722 

0. 1469 

0.2932 

443 

419 

398 

349 

321 

307 

319 

339 

YEAR  4 

0.5864 

0.4966 

0  389  1 

0 . 2696 

0. 1809 

0.  1421 

0 . 0836 

0.0937 

737 

736 

735 

732 

729 

726 

720 

715 

FISHZ 

0.3395 

0.4424 

0.3554 

0.2241 

0. 1540 

0. 1292 

0.  1255 

0. 1664 

LINEAR  REG 

0.4676 

0.4361 

0.4067 

0.3299 

0.2676 

0.2171 

0. 1429 

0.0940 

TOT  NUN  OBS  1UR  COR  2292 


G-12 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  EQU I  VALENT  INFRARED  AEROSOL  EXTINCTION  3. 4-5.0  MICRONS  (PER  KM) 


HR  1 

HR  2 

HR  3 

OVERALL 

0.5773 

0.4815 

0  3901 

YEAR 

1 

0 . 0000 

0 . 0000 

0.0000 

0 

0 

0 

YEAR 

2 

0.5149 

0.4922 

3 . 3870 

656 

652 

648 

YEAR 

3 

0 . 6380 

0.4994 

0 . 434 1 

637 

633 

627 

YEAR 

4 

0.5632 

0.4410 

0.3559 

694 

691 

668 

FISHZ 

0.5734 

0.4770 

0.3919 

LINEAR  REC 

0.5135 

0 . 4729 

0.4334 

TOT  NUM  OBS 

1  HR  COR 

1907 

HR  1 

FIR  2 

HR  3 

OVERALL 

0 . 8274 

0.7521 

0.6915 

YEAR 

1 

0.7415 

0.6524 

0.5604 

498 

49  l 

484 

YEAR 

2 

0.7622 

0.6778 

0.6068 

643 

641 

639 

YEAR 

3 

0.7316 

0.5777 

0.4712 

078 

676 

672 

YEAH 

4 

0.5360 

0.3400 

0.2039 

6  1  1 

597 

586 

FISHZ 

0.7021 

0.5746 

0.4722 

LINEAR  REG 

0.6142 

0. 570d 

0.5300 

101  NU PI  OBS 

IHK  COK 

2430 

HR  1 

HH  2 

HR  3 

OVERALL 

0.6890 

0.6036 

0.5448 

YEAR 

1 

0.6867 

0.5935 

0.5362 

705 

703 

701 

YEAR 

2 

0 . 7080 

0 . 700 1 

0.6540 

641 

636 

635 

YEAR 

3 

0.6110 

0.4314 

0.3567 

515 

512 

510 

YEAR 

4 

0.6374 

0.5810 

0.5134 

609 

686 

683 

FISHZ 

0.6702 

0.5918 

0.5305 

LINEAR  REG 

0.5956 

0  5689 

0.5434 

TOT  NUM  OBS 

lllR  COR 

2551* 

SEPTEMBER 


HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

6.1831 

0.0610 

0.0655 

0.0821 

0.  1464 

0.0000 

0.0000 

0 . 0000 

0.0000 

0 . 0000 

0 

0 

0 

0 

0 

0.1143 

6. 1047 

0. 1739 

0. 1 149 

0. 1675 

639 

636 

622 

6  10 

600 

0.2161 

0.0386 

0.0519 

0.0172 

0 . 0723 

618 

606 

597 

579 

562 

0.  1933 

0.6199 

0.6648 

0.0985 

0. 1826 

682 

677 

673 

667 

661 

0. 1748 

0.053B 

0.0969 

6 . 0787 

0. 1440 

0.3400 

6.2655 

0.2074 

0.  1264 

0.0771 

OCTOBER 


HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

0.6010 

0.5591 

6.5204 

0.5043 

0.5388 

0.4552 

0 . 3848 

0. 3286 

0.2964 

0.2981 

465 

452 

446 

442 

430 

0.4264 

0.2851 

0. 1819 

0.  1602 

0 . 2587 

631 

622 

613 

600 

587 

0.3033 

0.2363 

0. 1824 

0. 1714 

0 . 2220 

663 

653 

645 

626 

616 

0.0339 

0.0397 

0.0553 

0.0046 

0.0374 

555 

529 

513 

522 

535 

0.3102 

0.2366 

0.  1838 

0.  1352 

6 . 203  1 

0 . 4248 

0.3405 

0.2729 

0.  1753 

0.  1 126 

NOVEMBER 


HP.  6 

HR  9 

HR  12 

IR  18 

HR  24 

0.3514 

0.3176 

0.3108 

6 . 3328 

0 . 3440 

0.2750 

0.3133 

0 . 3227 

0.3047 

0 . 2459 

696 

693 

690 

684 

678 

0. 4985 

0.4597 

0.4103 

0.3987 

0 . 3666 

628 

6  18 

611 

605 

598 

0.0213 

0.0219 

0 . 0346 

0 . 0220 

0.2632 

505 

499 

493 

481 

469 

0.3438 

0.3065 

0 . 3027 

0.2523 

0.2934 

674 

668 

662 

650 

640 

0.3345 

0.2953 

0. 2856 

0.2619 

0 . 2930 

0.4736 

0.4127 

0.3546 

0.2731 

0.2071 

BR  1 

UR  2 

HR  3 

OVERALL 

0.6506 

0 . 5340 

0.4422 

YtAM 

1 

0.7294 

0.6234 

0 . 4804 

476 

473 

469 

YEAR 

O 

0.6529 

0.4955 

0.4072 

717 

715 

712 

YEAR 

3 

0 . 578 1 

0.4131 

0.4249 

73  ! 

730 

730 

YEAR 

4 

0.6179 

0.5362 

0.3984 

731 

720 

726 

FISHZ 

0.6394 

0.5104 

0.4247 

LINEAR  REC 

0  5816 

0.0  197 

0.4644 

TOT  NUM  OBS 

1  UK  COR 

2655 

DECEMBER 


HR  6 

HR  9 

nR  12 

HR  18 

HR  24 

0.2587 

0.  1972 

0.  1724 

0.1271 

0.  1248 

0.2327 

0.  1  162 

0.  1035 

0.0979 

0. 1801 

462 

455 

448 

436 

422 

0.2727 

0.233 I 

0 . 2370 

0. 1499 

0.  1438 

709 

7  10 

700 

702 

697 

0.2364 

0. 1899 

0.  1710 

0. 1034 

0  .  ©833 

726 

723 

720 

7  14 

70B 

0.228O 

0. 1869 

0. 1065 

0.0084 

0 . 0032 

722 

7  19 

717 

7  10 

704 

0.2433 

0. 1803 

0.  160 1 

0. 1089 

0.0947 

0.3313 

0.2364 

0. 1687 

e.0859 

0 . 0437 

0-13 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  AEROSOL  INFRARED  TRANSMISSION  0.6-12.0  MICRONS  05) 

.JANUARY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

6.6826 

0.5612 

0.4778 

9.3242 

0. 2783 

0.2533 

0.2263 

0. 1838 

YEAR  1 

0.3791 

0.4783 

0.3894 

0.3006 

0. 1837 

0 . 2240 

0 . 2388 

O. 1623 

641 

630 

634 

623 

6  19 

6  13 

605 

599 

YEAR  2 

0.6798 

0.5397 

0.4788 

0.3834 

0.3393 

0.2545 

0.2021 

0. 1263 

711 

708 

709 

704 

701 

699 

693 

688 

YEAR  3 

0.6433 

0.5031 

0.3780 

0.  1493 

0.  1288 

0. 1300 

0.0072 

O. 1204 

734 

731 

728 

724 

721 

718 

712 

706 

YE.\R  4 

0.6769 

0.5204 

0.4442 

0.  1393 

0. 1227 

0.1510 

0.2932 

0. 1030 

710 

708 

706 

703 

700 

697 

69  1 

686 

FI8HZ 

0. 6405 

0.5168 

0.4241 

0.2493 

0. 1933 

0.1891 

0. 1603 

0. 1274 

LINEAR  REC 

0.5735 

0.5242 

0.4791 

0.3657 

0.2792 

0.2131 

0. 1242 

0.0724 

TOT  NUM 

OBS 

1HR  COR 

2796 

FEBRUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  2* 

OVERALL 

0.7463 

0.65  19 

0.3658 

0.3499 

0 . 2327 

0. ir  !9 

0.1188 

0. 1029 

YEAR  1 

0 . 6800 

0.5809 

0.4633 

0.2508 

0. 1497 

0. 1357 

0. 1637 

0 . 0864 

627 

622 

620 

6  1  1 

603 

600 

389 

579 

YEAR  2 

0.7776 

0.7059 

6 . 6236 

0.3759 

0. 1736 

0.0785 

0 . 0773 

0. 1492 

605 

603 

399 

393 

383 

578 

564 

552 

YEAR  3 

0.7600 

0.6622 

0.3719 

0.3705 

9 . 2847 

0.  1629 

0.0033 

0. 1090 

675 

671 

668 

661 

656 

654 

64B 

642 

YEAR  4 

0.6846 

0.5539 

0.4916 

0.2766 

0.2313 

0.2109 

0.206B 

0.2208 

604 

602 

600 

594 

388 

582 

570 

539 

FISHZ 

0 .  ■*-*  .  5 

0.6307 

0.3410 

0.3205 

0.2130 

0. 1476 

0.1104 

0. 1401 

LINEAR  REC 

0.6000 

0.6183 

0.3373 

0.4080 

0.2987 

0.2187 

O.  1 172 

0.0628 

TOT  NUM 

OBS 

1HR  COR 

2511 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7033 

0.6330 

0.3456 

0.4187 

0.3171 

0.3861 

0.2602 

0.3290 

YEAR  1 

0.6928 

0.6493 

0 . 3383 

0.4424 

0.4316 

0.4063 

0.3113 

0.3154 

897 

594 

592 

384 

374 

565 

549 

333 

YEAR  2 

0. 5342 

0 . 3857 

0.2181 

0.0203 

0.0710 

0.0324 

0.0343 

0.0114 

653 

649 

646 

637 

632 

628 

618 

607 

YEAR  3 

0.6846 

0.5490 

0.4313 

0.2092 

0. 1060 

0.0627 

0.0389 

0.  1735 

700 

697 

694 

609 

683 

678 

669 

662 

YEAR  4 

0.3767 

0.3069 

0.4019 

0.236  1 

0.0512 

0.0153 

0 . 0335 

0.0799 

728 

725 

723 

721 

710 

713 

709 

704 

KISH7. 

0.6293 

0.5263 

0.4063 

0.2334 

0.  1595 

0.1221 

0.  1019 

0.  1400 

LINEAR  PEG 

0.5634 

0.5126 

0.4664 

0.3514 

0.2647 

0. 1994 

0.  1131 

0.0642 

TOT  NUM 

OBS 

l HR  COR 

2678 

HR  1 

HR  2 

HR  3 

OVERAI 

.L 

0 . 6566 

8 . 6393 

0.3708 

YEAR 

1 

0.3303 

0.4384 

0.3560 

340 

336 

533 

YEAR 

2 

0 . 6608 

0.5279 

0.4678 

707 

704 

701 

YEAR 

3 

0.3434 

0.4106 

0 . 2846 

708 

707 

703 

YEAR 

4 

0 . 7686 

0.7)89 

0.6612 

371 

367 

364 

FISHZ 

0 . 6232 

0.5154 

0.4263 

LINEAR  REC 

0.3463 

0.3092 

0.4743 

TOT  RUM  OBS 

1I1R  COR 

2326 

APRIL 


HR  6 

HR  9 

HR  12 

HU  18 

HR  24 

0.3933 

0.2198 

a  ooon 

0.2182 

© . 3381 

6.  1996 

0.  1563 

0. 1300 

0.  1973 

0.2402 

321 

514 

510 

302 

492 

0.2313 

0.0826 

0.6969 

0.0481 

0. 1380 

698 

693 

692 

686 

600 

0. 1038 

0.0238 

0.0526 

0.0348 

0.0290 

702 

699 

696 

69  1 

684 

0.4843 

0.4423 

0.4373 

0 . 3089 

0.5058 

339 

352 

346 

334 

322 

0.2293 

0. 1413 

0  1472 

0.  1343 

0. 1876 

0.3039 

0.3105 

0.2312 

0.  16*  4 

0.  1076 

G-  14 


SERIAL  CORRELATION  COEFFICIENTS  AMD  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  AEROSOL  INFRARED  TRANSMISSION  0.0-12.0  MICRONS  (X) 

MAY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HP.  12 

HR  18 

OVERALL 

0.3324 

0 . 4344 

0.3543 

0.  1342 

0 . 0723 

0.0720 

0. 1404 

YEAR 

1 

0.3260 

0.4125 

0.3254 

0.1106 

0.0734 

0.  1233 

0.2171 

219 

217 

215 

209 

203 

197 

185 

YEAR 

2 

0.5160 

0 . 3223 

0.2441 

0 . 0070 

0.0609 

0.0543 

0.0135 

574 

571 

568 

560 

554 

546 

936 

YEAR 

3 

0.5298 

0.4419 

0 . 349  1 

0.  1228 

0 . 0089 

0.0474 

0.0737 

722 

720 

718 

712 

709 

706 

702 

YEAR 

4 

0.5079 

0.4354 

0.3174 

0.  1314 

0.0913 

0.0547 

0 . 0287 

196 

194 

192 

106 

185 

182 

176 

FISH7 

0.5222 

0.3986 

0.3079 

0.083b 

0.0390 

0.0597 

0.0654 

LINEAR  RF.C 

0.4473 

0 . 420 ! 

©.3946 

0.3269 

0 . 2708 

0.2244 

0. 1540 

TOT  HUM  0B8 

1 HR  COR 

1711 

JUNE 

HR  i 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

OVERALL 

0.4737 

0.4346 

0.3653 

0 . 2973 

0. 1377 

0.  1242 

0.0762 

YEAR  1 

0.4258 

0 . 3784 

0.3272 

0.0942 

0 . 0604 

0.0857 

0.0319 

708 

703 

704 

701 

698 

695 

69  1 

YEAR  2 

0.5172 

0 . 4769 

0.3668 

0. 1806 

0.0161 

0.0359 

0.0313 

41  1 

408 

403 

391 

379 

368 

348 

YEAR  3 

0.3960 

0. 34G0 

0.2447 

0.  1690 

0. 1024 

0.0318 

0. 1056 

570 

560 

552 

536 

525 

519 

508 

YEAR  4 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 . 0000 

0 . 0000 

0 

0 

0 

0 

0 

0 

0 

FISHZ^ 

0.4392 

0.3919 

0.3101 

0.1397 

0.0638 

0.0565 

0.0560 

LINEAR  REG 

6 . 4S IG 

6 . 37 io 

G . 344G 

G . 2725 

V  .  4,  A07 

W.  A  <  IV 

ft  « 

V  .  1  VI  o 

TOT  HUM  OBS 

IHR  COR 

1609 

JULY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

OVERALL 

0.5808 

0.4944 

0.4073 

C .  22  19 

0.0972 

0.0210 

0.1211 

YEAR  1 

0.3971 

0 . 2907 

0.  1993 

0.0505 

0.0452 

0.  1038 

0.0513 

743 

742 

741 

738 

735 

732 

726 

YEAR  2 

0.5646 

0 . 4984 

0.4191 

©. 1939 

0 . 0383 

0.0862 

0 . 0363 

631 

627 

623 

610 

598 

586 

563 

YEAR  3 

0.6667 

0.5866 

0.5066 

0.2668 

0.  1564 

0 . 0706 

0.2365 

589 

573 

562 

530 

5  12 

508 

502 

YEAR  4 

0.6406 

0.3299 

0 . 4278 

0.2(26 

0.0407 

0.0352 

0.0915 

716 

714 

712 

706 

700 

694 

682 

F1SH2 

0.5696 

0.4769 

0 . 3838 

0.  1740 

0.0649 

0.0742 

0 . 0972 

LINEAR  REG 

0.5036 

0.4697 

0.4381 

0.3554 

0.2884 

0.2340 

0. 1540 

TOT  HUM  OBS 

IHR  COR 

2679 

AUGUST 

UR  1 

UR  2 

UR  0 

HR  6 

HIl  9 

UR  12 

HR  18 

OVERALL 

0.5694 

0 . 4396 

0.3736 

0.2175 

0.0964 

0.0945 

0. 1227 

YEAR  1 

0.5371 

0  *336 

0.3692 

0.2530 

0.1112 

0.0964 

0. 1378 

608 

606 

603 

590 

69  1 

505 

573 

YEAR  2 

0.5354 

0.344) 

0.2919 

0.  1204 

0.0372 

0.0410 

0.0356 

5  1  1 

506 

502 

49  1 

479 

468 

457 

YEAR  3 

0.5021 

0 . 3780 

0.3210 

0.0176 

0.0360 

0.0157 

0 . 096  1 

443 

419 

398 

349 

321 

307 

3  19 

YEAR  4 

0.6144 

0.4679 

0.4129 

0.2479 

0. 1384 

0.  136  1 

0.  1216 

74  1 

740 

739 

736 

733 

730 

724 

FIS1IZ 

0.3616 

0.421 3 

0.3587 

0.  1850 

0.0928 

0.0863 

0.  1033 

LINEAR  REG 

0.4687 

0.4433 

0.4197 

0.3556 

0.3013 

0.2553 

0.  1833 

HR  24 
0. 1001 
0. 180? 

174 
0 . 2029 
924 
0. 1197 
696 
0.  1751 
i7e 
0. 1995 
0. 1037 


HR  24 
0.  17B3 
0. 1066 
685 
0.0614 
324 
0. 1744 
506 

0.0000 

0 

0. 1 199 

ft  ft  /  >4  l! 


HR  24 
0.2170 
0.0907 
720 
0. 1 123 
545 
0.3006 
508 
0.2290 
670 
0. 1692 
0. 1614 


I1U  2't 
0.2038 
0. 1895 
36  1 
0. 1941 
452 
0.3554 
339 
0 . 1318 
7  18 
0.2057 
0. 1316 


TOT  HUM  OBS  1HK  COR 


2303 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  AEROSOL  INFRARED  TRANSMISSION  ft. 0-12. ft  MICRONS  (X> 

SEPTEMBER 


HR  1 

RR  2 

HR  0 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0. 606B 

0.3121 

0.4129 

0. 1334 

0.0065 

-0.0239 

0.069  1 

0.2563 

YEAR  1 

0 . 0000 

0.0000 

0 . 0900 

0.0006 

0.0000 

0.0000 

0.0000 

0 . 0090 

0 

0 

0 

0 

0 

0 

0 

0 

YEAR  2 

0.6249 

0.5379 

0.4337 

0.0927 

0.0441 

0.0771 

0.0013 

0.2830 

653 

649 

643 

636 

627 

619 

606 

596 

YEAR  3 

0. B76 1 

0.4930 

0.4203 

0. 1363 

0.0311 

0. 1074 

0.0131 

0. 1706 

637 

633 

627 

618 

606 

397 

379 

562 

YEAR  4 

0. 5940 

0.4766 

0.3373 

0.  1601 

0.0206 

0.0166 

0.  1080 

0.2609 

694 

691 

688 

682 

677 

672 

666 

660 

FISHZ 

0.B9B8 

0.5031 

0.4033 

0. 1369 

8.0316 

0.0632 

0.0436 

0 . 2408 

LINEAR  REC 

0 . 5242 

0.6017 

6.4801 

0.4207 

0.3687 

0 . 323 1 

0.2481 

O. 1906 

TOT  NUM 

OBS 

1UR  COP. 

1984 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  IB 

UR  24 

OVERALL 

0 . 7304 

0  6310 

0.3439 

0.3704 

0.3066 

0.2730 

0.2504 

0 . 3235 

YEAR  1 

0.704* 

0.6647 

0.4634 

0.2531 

0. 1939 

0. 2194 

0. 1867 

0 . 3049 

304 

497 

491 

473 

460 

433 

448 

438 

YEAR  2 

0.7894 

0.7092 

0.6  16  1 

0.4591 

0 . 3400 

0.2337 

0.8361 

0.3118 

631 

650 

649 

636 

626 

620 

6  10 

396 

YEAR  3 

0 . 6546 

0.6362 

0.4541 

0.2316 

0.2163 

0. 1440 

0.1122 

0 . 2203 

681 

679 

677 

666 

637 

649 

630 

620 

YEAR  4 

0.6873 

0.6106 

0.5320 

0.4281 

0.3683 

0.3600 

0.3226 

0.3034 

61  1 

397 

5  Of) 

335 

529 

313 

522 

533 

FISHZ 

0.7133 

0.6116 

0.3223 

0.3490 

0 . 2827 

0.2414 

0.218) 

0 . 2829 

LINEAR  REC 

0.6242 

0.5918 

0.3610 

0.478) 

0.4074 

0 . 347 1 

0.2521 

0.  1830 

*r\  .-r  wim 

A  V/  A  A»V»ft 

ATIO 

VWVf 

i  ti r,  rnn 
»  U*  4  uun 

‘ini 
•*  »  »  * 

NOVEMBER 

HR  1 

HR  2 

RR  3 

UR  6 

HR  9 

HR  12 

HR  IB 

HR  24 

OVERALL 

0.7148 

0.6296 

0.0470 

0.3609 

0.3346 

0.3223 

0 . 3007 

0 . 4  1 B3 

YEAR  1 

0.6292 

0.5267 

0.4559 

8.2397 

©. 1072 

0. 1454 

0.1911 

©. 1636 

710 

708 

706 

701 

698 

695 

689 

603 

YEAR  2 

0. 7864 

0.7117 

0  6731 

0.5333 

0.4929 

0 . 4639 

0.4383 

0 . 3734 

661 

637 

634 

647 

641 

639 

629 

624 

YEA.R  3 

0 . 6746 

0.3601 

0.4435 

0.2010 

0. 1790 

0.1581 

0.  1599 

0.4193 

323 

520 

3  18 

5  13 

507 

302 

489 

477 

YEAR  4 

0. 5866 

0.5299 

0.4327 

0.236 1 

0.2432 

0 . 2600 

0.  14,37 

0 . 2304 

689 

686 

683 

674 

666 

662 

650 

640 

FISHZ 

0 . 6753 

0.5878 

0.0  no 

0.3188 

0. 2846 

0.2714 

0.2402 

0.2888 

LINEAR  REG 

0.5927 

0.5650 

0.3386 

0. 466V 

0.4043 

0.3303 

0.2630 

O.  1974 

TOT  NUM 

OBS 

1 UR  COR 

2583 

DECEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 6980 

0.  C592 

0.4708 

0.2868 

0.2000 

0. 1599 

0.  1556 

0.  1343 

YEAR  I 

0.77HI 

0.6299 

0.5033 

0.2674 

0. 1362 

0 . 09B2 

0.2233 

0 . 2223 

492 

490 

406 

481 

473 

468 

456 

444 

YEAR  2 

0.6664 

0.4934 

0.4066 

0.2538 

0. 1601 

0 . 0939 

0.0625 

0.0477 

716 

714 

7  12 

700 

709 

708 

701 

697 

YEAR  3 

0.6616 

0.5479 

0.5226 

0.367 1 

0.3333 

0.2410 

0. 1899 

0.  1842 

733 

734 

733 

780 

727 

724 

7  18 

712 

YEAR  4 

0.6781 

0.5495 

0.4224 

0.2124 

8.  1370 

0.  1596 

0.0898 

0,0225 

738 

736 

733 

732 

729 

726 

720 

714 

FISHZ 

0.6916 

0.5505 

0.4624 

0.2772 

0.2023 

0. 1340 

0. 1343 

0.  1095 

LINEAR  REC 

0 . 6257 

0.56  10 

0.3044 

0.365 1 

0.2643 

0.  1913 

0. 1002 

0.0323 

WT  NUM 

OBS 

1  UR  COR 

2681 

G-I  C 


FEBRUARY 


HR  1 

OR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

overall 

0.7245 

0.6239 

0.3434 

0.339? 

0.2343 

0. 1766 

0. 1433 

0. 1209 

YEAR 

1 

0.6740 

0.5037 

0.4729 

0.2346 

0.  165  1 

0. 1327 

0. 1580 

0.0845 

627 

622 

620 

6  1  1 

603 

600 

589 

579 

YEAR 

2 

0.7638 

0.6963 

0.6237 

0.4042 

0.2347 

0.  1374 

0.  1312 

0.  1609 

663 

603 

399 

393 

333 

578 

364 

332 

YEAR 

3 

0.7130 

0.5071 

0.4688 

0.2822 

0 . 2287 

0. 1080 

0.0263 

0.0703 

673 

671 

668 

661 

638 

634 

648 

642 

YEAR 

4 

0.6928 

0.5675 

0.3084 

0.3168 

0.3078 

0.2347 

0.2524 

0.2427 

604 

602 

600 

594 

588 

382 

370 

559 

FI8HZ 

0.7136 

0.6  I  12 

0.3234 

0.3143 

0.2340 

0.  137 i 

0. 1392 

0.  1390 

LI  ME  AH  REG 

0.6609 

0.6017 

0.0433 

0. 4004 

6 . 3622 

6 . 2256 

w. 1247 

6 . 069  i 

TOT  HUH  OB8  1HR  COR  2B  l  1 


HR  1 

HR  2 

HR  3 

OVERALL 

0.6945 

0.6 102 

0.5111 

YEAR 

1 

0 . 683 1 

0.6 167 

0.3286 

397 

594 

592 

YEAR 

2 

0.5394 

0.3690 

0.2179 

633 

649 

646 

YEAR 

3 

0.6755 

0.5323 

0 . 4208 

700 

697 

694 

YEAR 

4 

0.5982 

0.5302 

0.3980 

726 

723 

723 

F  I  SH7. 

0.6269 

0.5 188 

0.3944 

LI  HEAR  REO 

0 . 3668 

0.5079 

0.4551 

TOT  HUH  OILS 

1  HR  COR 

2678 

MARCH 


HA  6 

HR  9 

HR  12 

HR  10 

HR  24 

0.3726 

6.2974 

0.2764 

0.2153 

0.267B 

0.3953 

0.3959 

0.3850 

0.2812 

0.2866 

584 

574 

565 

549 

533 

0.0317 

0.0637 

0.0863 

0.0357 

0.0215 

637 

632 

628 

618 

607 

0 . 2 i 20 

0.  1631 

0. 1336 

0.0458 

0. 1089 

689 

683 

676 

669 

662 

0.2423 

0.0700 

0 . 0047 

0.0779 

0.0413 

721 

7  18 

715 

709 

704 

ft, 2209 

0. 1684 

0.  1268 

0. 1044 

0. 1079 

0.3274 

0.2355 

0. 1698 

0 . 0877 

0.0454 

APRIL 


11R  1 

HA  2 

BP  3 

ER  6 

HR  9 

HR  12 

HR  18 

HR  24 

6-r 

,  r  - 

OVERALL 

0.6661 

0.38  16 

0.3804 

0.3152 

0.2402 

0.2474 

0.2171 

0 . 2682  , 

YEAR 

1 

0 . 5805 

ft. 4606 

0.3668 

0.2254 

0  1477 

0. 1607 

0. 1936 

0.2873  ! 

IV  j. 

34ft 

536 

333 

32  1 

5  14 

5  .0 

802 

492  i 

YEAR 

2 

0.6376 

0.3118 

0.4366 

0 . 2323 

0. 1085 

0.1104 

0.0526 

0.1626 

«  ' 

.  -  . 

787 

704 

701 

69 11 

693 

692 

666 

680  ; 

YEAR 

3 

0.3493 

0.4141 

0.3037 

0. 163 1 

0.0902 

0. 1072 

0.0133 

0.0488  : 

708 

707 

703 

702 

699 

696 

69  1 

684  1 

Jidj 

YEAR 

4 

0.7942 

0.743 1 

0.7036 

0.5476 

0.3245 

0.3204 

0.5319 

0.5313 

371 

367 

364 

339 

332 

346 

334 

322  1 

F  IOHZ 

0.6376 

0 . 0  1 83 

0.4412 

0.2662 

0 . 1813 

0. 1907 

0. 1576 

0 . 2200  ' 

fVC 

L1MLAR  REG 

0 . 3493 

0.3  164 

0.4834 

0.4030 

0 . 3346 

0.2770 

0.1915 

0.1320  1 

1 

fc 

lOT  HUH  OUS 

1  HR  COH 

2326 

fa 

T » 

V\ 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  EQUIVALENT  INFRARED  AEROSOL  EXTINCTION  0.0-12.0  MICRONS  (PER  KM) 

MAY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.5523 

0.4300 

0.3357 

0.  1630 

6.0633 

0 . 0428 

0. 1440 

0.1821 

YEAR  1 

0 . S AO ( 

0.4873 

0.3763 

0.  1504 

0.0302 

0.  1507 

6.2230 

0. 1814 

219 

217 

215 

209 

203 

197 

183 

174 

YEAR  2 

0.S308 

0.3526 

0.2726 

0.0486 

0.0:  :33 

0.0639 

0.0589 

0.  1965 

574 

571 

368 

560 

554 

340 

536 

324 

YEAR  3 

0.4965 

0.3773 

0.3312 

0. 1319 

0.0J17 

0.0481 

0.0726 

0.0739 

722 

720 

718 

7  12 

709 

706 

702 

696 

YEAR  4 

0.4595 

0.4152 

0.2701 

0. 1417 

0.0363 

0.0119 

0.0907 

0.0190 

196 

194 

192 

180 

183 

182 

176 

170 

FISHZ 

0.5164 

0 . 3882 

0.3108 

0.  1074 

0.0193 

0.0623 

0.0878 

0.1215 

LINEAR  REG 

TOT  NUM  OBS 

0.4467 

1  HR  COR 

0.4118 

17  1 1 

0.3797 

0.2976 

0.2333 

0. 1820 

0. 1123 

0 . 0690 

JUNE 


HR  i 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

UR  24 

OVERALL 

0.5103 

0.4394 

0.3679 

0. 1832 

0.1138 

0.  1223 

0.0814 

0.2007 

YEAR  1 

0.4660 

0.3911 

0.3215 

0.0339 

0.0048 

0.0312 

0.0286 

0.  1333 

708 

705 

704 

701 

698 

695 

69  1 

683 

YEAR  2 

0.5013 

0.4642 

0.3313 

0. 1826 

0 . 0285 

0.0153 

6.6603 

0.0512 

41  1 

408 

403 

391 

379 

368 

348 

324 

YEAR  3 

0.45  17 

0.3359 

0.2673 

0.  16  1  1 

0.0872 

0.0679 

0. 1016 

0. 1470 

570 

560 

532 

536 

323 

519 

508 

306 

YEAR  4 

0.0000 

0.0000 

0.0600 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

FISHZ 

0.4700 

0.3913 

0.3111 

0. 1204 

0.0374 

0 . 0484 

0.0393 

0.  1296 

LINEAR  REG 

TOT  RUM  OBS 

0.4176 

1HR  COR 

0 . 3885 

1689 

0.3614 

6.2909 

0 . 2342 

0.  1883 

0. 1222 

0.0792 

JULY 


HR  1 

HR  2 

HR  3 

UR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6079 

0.5012 

6.4241 

0.2463 

0 . 1 290 

0.0494 

0. 1273 

0.2190 

YEAR  \ 

0.4478 

6 . 3080 

0.2419 

0.0803 

0.0460 

0.0935 

0.0395 

0.0892 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  2 

0.3598 

0.4825 

O.4302 

0.2215 

0.0749 

0.0412 

0.0311 

0.0677 

631 

627 

623 

6  10 

398 

5B6 

363 

545 

YEAR  3 

0.6697 

6.3866 

0.4917 

0 . 388 i 

0.2632 

0. 1784 

0.2274 

0.2639 

589 

373 

362 

330 

312 

308 

302 

308 

YEAR  4 

6.6672 

0.3294 

0.4137 

0.  1983 

0 . 0382 

0.0349 

0.0867 

0.2392 

7  16 

714 

712 

706 

700 

694 

6B2 

670 

FISHZ 

0.5890 

0 . 4752 

0.3896 

0.  1938 

0.0940 

0.0B81 

0.0894 

0.  1631 

LINEAR  REG 

TOT  NUM  OBS 

0.5147 

1HR  COR 

0.4769 

2679 

0.4419 

6.33  16 

0.2790 

0 . 2226 

0. 1409 

0.0892 

AUGUST 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

UR  24 

OVERALL 

0.3777 

0.  4-133 

e .  37 1 9 

0.2120 

0.0969 

e .  e939 

0. 1329 

e.2316 

YEAR  1 

0.5787 

0. 46U9 

0 . 408 1 

0.2378 

0.1123 

0.0962 

0.  1738 

0.2266 

608 

606 

603 

598 

591 

585 

573 

36  1 

YEAR  2 

0.3033 

0.3192 

0.2711 

0. 1203 

0.0217 

0.0109 

0.0692 

0. 1019 

3  1  1 

506 

302 

49  1 

479 

468 

457 

452 

YEAR  3 

0.5001 

0.3941 

0.2936 

0.0346 

0.0293 

0.0621 

0.1010 

0.375  1 

443 

419 

398 

349 

321 

307 

319 

339 

YEAR  4 

0.6326 

0.4793 

0 . 3839 

0.2268 

0. 1260 

0. 1239 

0.0994 

0.  1830 

741 

746 

739 

736 

733 

730 

724 

710 

FISHZ 

6. 5673 

0.4273 

0.3311 

0. 1847 

0.0844 

0.0835 

0. 1143 

0.2276 

LINEAH  REG 

TOT  NUM  OBS 

0.4697 

1HR  COR 

0.4474 

2303 

0 . 426  1 

0.3602 

0.3162 

0 . 2749 

0.2032 

0. 1532 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  EQUIVALENT  INFRARED  AEROSOL  EXTINCTION  8.0-12.©  MICRONS  (PER  KM) 

SEPTEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

UR  12 

HR  18 

HR  24 

OVERALL 

0. 3781 

0.4754 

0 . 4870 

0.2730 

0.0395 

0.0217 

0 . 8847 

0.2189 

YEAR 

I 

0.5781 

0.4754 

0.3870 

0. 1730 

0.0395 

0.0217 

0.0847 

0.2189 

1984 

1973 

1960 

1936 

1910 

1888 

185  1 

1818 

YEAR 

2 

0.5770 

0.4921 

0.3971 

0. 1 176 

0 . 0252 

0.0296 

0.0141 

0. 1821 

653 

649 

645 

636 

627 

619 

606 

596 

YEAR 

3 

0. 3581 

0.4606 

0.3893 

0. 1472 

0 . 0239 

0.0792 

0.0155 

0.  1741 

637 

633 

627 

6  18 

606 

597 

579 

562 

YEAR 

4 

0 . 5605 

0.4256 

0.3213 

0.  1750 

0.0201 

0.0064 

0. 1 180 

0.2214 

694 

69  1 

6  80 

68 2 

677 

672 

666 

660 

FISKZ 

0.5717 

0.4673 

0.3778 

0.  1602 

0.0313 

0.0294 

0 . 0684 

0.2063 

LINEAR  REC 

0.4968 

0  4720 

0.4485 

0.3847 

0.3300 

0.2831 

0 . 2084 

0. 1533 

TOT  NUM 

OBS 

1  HR  COR 

3968 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

ER  13 

HR  24 

OVERALL 

0.7071 

0.6 125 

0.5234 

0.3554 

0.3945 

0.2770 

0.2515 

0.3307 

YEAR 

1 

0.6831 

0.55  12 

0 . 4585 

0.2543 

0.2198 

0.2534 

0.  1928 

0.3120 

504 

497 

49  1 

473 

460 

453 

448 

438 

YEAR 

2 

0 . 734 1 

0.6719 

0.5658 

0.4095 

0.2721 

0.2141 

0.2224 

0.2927 

651 

650 

649 

636 

626 

620 

610 

596 

YEAR 

3 

0.6341 

0.4885 

0.3969 

0. 1843 

0.  1736 

0.0989 

0.0880 

0 . 2077 

681 

679 

677 

666 

657 

649 

630 

620 

YEAR 

4 

0 . 6786 

0.6119 

0.5333 

0.4204 

0 . 3469 

0.3559 

0.3152 

0 . 3088 

61  1 

597 

586 

555 

529 

5  13 

522 

535 

FISHZ 

0.6837 

0.5854 

0.4913 

0.3199 

0.2516 

0.2232 

0.2014 

0 . 2769 

LINEAR  1 

REC 

0.5942 

0.5638 

0.5350 

0.4570 

0.3904 

0.3335 

0 . 2434 

0.  1776 

TOT  NUM 

OBS 

1HR  COR 

2447 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6705 

0.5790 

0 . 5043 

0.3294 

0.30B5 

0.3061 

0.2702 

0.3293 

YEAR 

1 

0 . 6309 

0.5220 

0 . 4385 

0.2596 

0 . 2070 

0.  1705 

0 . 2087 

0. 1660 

710 

708 

706 

701 

698 

695 

689 

683 

YEAR 

2 

0 . 6889 

0.6  1 03 

0 . 5796 

0 . 4380 

0.4441 

0.4341 

0.3971 

0.3518 

66  1 

657 

654 

647 

641 

639 

629 

624 

YEAR 

3 

0.6529 

0.5027 

0.4000 

0. 1038 

0. 1637 

0.  1705 

0. 1585 

0.3215 

523 

520 

5  10 

5  13 

507 

502 

489 

477 

YEAR 

4 

0.606 1 

0.5529 

0.4547 

0.2755 

0 . 2627 

0.2793 

0.1751 

0.2614 

689 

686 

683 

674 

668 

662 

650 

640 

FISHZ 

0 . 6444 

0.5525 

0.4793 

0.2972 

0 . 2774 

0.2706 

0.2408 

0.2711 

LINEAR  i 

REG 

0.5618 

0.5358 

0.5110 

0.4434 

0 . 3847 

0.333? 

0.2512 

0.  189  1 

TOT  NUM  OBS  1  HR  COR  2503 


DECEMBER 


HR  ! 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6799 

0.5342 

0.4374 

0.2083 

0.2242 

0.  1035 

0.  I75H 

0.1421 

YEAR  1 

0.7638 

0.60  16 

0.4753 

0.2480 

0.  1284 

0.  1 f 32 

0.2325 

0.2108 

492 

490 

486 

481 

475 

468 

456 

444 

YEAR  2 

0.6461 

0.4693 

0.4015 

0.2475 

0.  1513 

0. 1002 

0.0532 

0.0215 

716 

7  14 

712 

708 

709 

700 

701 

697 

YEAR  3 

0.6553 

0.3351 

0.3279 

0.3899 

0 . 4027 

0.3170 

0.2613 

0.2394 

735 

734 

733 

730 

727 

724 

718 

712 

YEAR  4 

0. 6457 

0.3220 

0.3902 

0.2220 

0.  1631 

0.  1631 

0. 1240 

0.0586 

738 

736 

735 

732 

729 

7  26 

720 

714 

f  i  sir/. 

0.6730 

«.5275 

0.4507 

0.2016 

0 . 2239 

0.I814 

0.  1632 

0.  1262 

LINEAR  REC 

TOT  NUM  OBS 

0.5974 

1  HR  COR 

0.5448 

2681 

0.4969 

0.3770 

0 . 2860 

0.2170 

0.  1249 

0.0719 
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A 
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SERIAL  CORRELAT I OH  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  10M  WIND  SPEED  (M/SEC) 

JANUARY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7872 

0.7579 

0 . 7269 

0.5910 

0.4737 

0 . 4036 

0.2737 

0. 1606 

YEAR  1 

0.6701 

0.6613 

0.6185 

0.4843 

0.3161 

0.2339 

0 . 0879 

0.0696 

666 

659 

652 

637 

629 

618 

609 

603 

YEAR  2 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

YEAR  3 

0.85  17 

0.7925 

0.7552 

0.3778 

0 . 4787 

0.4184 

0 . 2728 

0. 1865 

705 

702 

699 

690 

681 

672 

666 

660 

YEAR  4 

0.8948 

0.8481 

0.8133 

0.7003 

0.6273 

0.5566 

0 . 439 I 

0.3673 

521 

519 

517 

3  1  1 

505 

499 

487 

475 

FISHZ 

0.8190 

0.7724 

0.7330 

0.5862 

0.4730 

0.4010 

0.2603 

0. 1984 

LINEAR  REC 

0.8223 

0.7700 

0.7211 

0.5922 

0.4863 

0.3994 

0.2693 

0. 1816 

TOT  NUM 

OBS 

1RR  COR 

1892 

FEBRUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9068 

0 . 8620 

0.8225 

0.6905 

0.5917 

0.5134 

0.3639 

0.2549 

YEAR  1 

0 . 078 1 

0.8138 

0.7647 

0.6008 

0.4939 

0.4012 

0 . 2227 

0.0299 

621 

616 

612 

601 

598 

595 

5  83 

571 

YEAR  2 

0 . 9207 

0.8835 

0.8485 

0.7358 

0.5986 

0.4949 

0 . 3008 

0 . 2087 

593 

589 

585 

573 

561 

530 

533 

523 

YEAR  3 

0.S803 

0.8215 

0.7653 

0-6047 

0.4747 

0.3986 

0.2609 

0.  1669 

66  1 

658 

655 

646 

637 

628 

622 

616 

YEAR  4 

0.9266 

0.8961 

0.8684 

0.7830 

0.7169 

0.6756 

0.5922 

0.5204 

556 

553 

558 

541 

533 

527 

515 

503 

FISHZ 

0.9026 

0.8360 

0.8144 

0.6848 

0.5735 

0.4953 

0.3464 

0.2315 

T  r  rr  *  *-  pr-n 
LUILrtJV  ItfiA/ 

A  A  ArtA 

V . TVUV 

A 

V  *  UV  »  • 

A  O  1  A*. 

V  .  u  tv  — 

£*  iUlfl 

V  •  ~  / 

G . 5756 

a  %  in; ; 

a _  3446 

a  2448 

TOT  HUM 

OBS 

1  Fill  COR 

2431 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9062 

0.8509 

0.8132 

6.6806 

0.5850 

0.4867 

0.3384 

0.2637 

YEAR  1 

0.8854 

© . 827 1 

0.7685 

0.6393 

0.5144 

0 . 3827 

0.  1793 

0. 1272 

374 

372 

370 

36  1 

354 

348 

336 

324 

YEAR  2 

0.9349 

0 . 8878 

0.8463 

0.7087 

0.6069 

0.5267 

0.4290 

0.4132 

599 

590 

582 

566 

554 

542 

523 

5  l2 

YEAR  3 

0 . 8824 

0.8310 

0.7767 

0.6312 

0.5342 

0.4102 

6.2013 

0.0719 

699 

695 

69  1 

6  82 

674 

668 

66  1 

652 

YEAR  4 

0.8901 

0.8484 

0.3089 

0.6764 

0.6011 

0.5185 

6.4015 

0.3023 

684 

681 

678 

669 

660 

63  1 

639 

627 

FISHZ 

0.901 : 

0.8516 

0.8044 

0.6662 

0.5700 

0.4686 

0.3165 

0.2362 

LINEAR  REG 

0.9033 

0.8311 

0.8019 

0 . 6708 

0.5610 

0.4693 

0 . 3283 

0.2297 

TOT  NUM 

OBS 

1HR  COR 

2336 

APRIL 


$ 

k* 


.A 

s. 


HR  1 

HR  2 

OVERALL 

0.8832 

0.8297 

YEAR 

1 

0.9061 

0. 8550 

548 

545 

YEAR 

2 

0  8328 

0.7567 

695 

692 

YEAR 

3 

0.8221 

0.7485 

670 

667 

YEAR 

4 

0.0842 

0 . 8383 

684 

68  1 

FISHZ 

0.8631 

0.8018 

LINEAR  REG 

0.0312 

0.7911 

TOT  NUM  OBS 

1HR  COR 

2597 

HR  3 

HR  6 

HR  9 

0.7841 

0.6672 

0. 5728 

0.6072 

0.6745 

0.5652 

542 

333 

524 

0.7120 

0.5690 

0.4440 

689 

680 

675 

0.6787 

0.0 196 

0.4933 

664 

655 

■S46 

0.7964 

0.7144 

0.6533 

678 

669 

661 

0.7507 

0.6232 

0.5210 

0.7530 

0.6492 

0 . 5598 

HR  12 

HR  IB 

HR  24 

0.4998 

0.4593 

0.4099 

0.5224 

0.5660 

0.5317 

5  15 

499 

487 

0 . 3285 

0.2689 

0.2004 

672 

666 

660 

0.3141 

0.  1968 

0.0759 

637 

628 

6  17 

0.5526 

0.4587 

0.3839 

656 

650 

644 

0.4308 

0.3710 

0.3153 

0.4827 

0 . 3309 

0.2668 

K 

K' 


r". 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  10N  WIND  SPEED  (  M/SEC) 

MAY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.B690 

0.8050 

0.7544 

0.6262 

0.5423 

0.4700 

0.3981 

0.3692 

YEAR 

I 

0.8504 

0.7613 

0.6963 

0.5055 

0 . 3843 

0.3281 

0.3509 

0.3521 

5  10 

506 

502 

490 

478 

466 

447 

429 

YEAR 

2 

0.8134 

0 . 7272 

0.6607 

0.4604 

0.3568 

0.3004 

0. 1548 

0 . 2265 

537 

531 

526 

513 

803 

494 

476 

460 

YEAR 

3 

0.8577 

0.7863 

0.7287 

0.5839 

0.4724 

0.3648 

0.2311 

0. 1476 

706 

703 

700 

69  1 

682 

674 

668 

662 

YEAR 

4 

0.8582 

0.8011 

0.7522 

0.6671 

6.6234 

0.5507 

0.5213 

0.4849 

702 

698 

694 

684 

675 

669 

663 

657 

F 1SHZ 

0.8475 

0.7739 

0.7156 

0.5704 

0 . 4806 

0.4031 

0.3324 

0.3096 

LINEAR  aEG 

0.8013 

0.7609 

0.7226 

0.6187 

0.5298 

0.4537 

0.3327 

0 . 2439 

TOT  NUM 

OBS 

1HR  COR 

2455 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.8035 

8.7156 

0.6273 

0.4793 

0.3497 

0.2993 

0.3067 

0.2807 

YEAR 

1 

0.7975 

0.6640 

0.5278 

0.3201 

0. 1437 

0.  1099 

0.2486 

0. 1637 

581 

573 

565 

548 

534 

521 

497 

474 

YEAR 

2 

0.8541 

0.8125 

0.7474 

0.6244 

0.5706 

0.5559 

0 . 428 1 

0 . 4782 

472 

468 

464 

454 

446 

440 

420 

416 

YEAR 

3 

0.7500 

0.6590 

0.5889 

0.4783 

0.3493 

0.2648 

0.2616 

0 . 2046 

573 

566 

562 

646 

532 

518 

500 

485 

YEAR 

4 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0 . 0000 

0 . 0000 

0 . 0000 

0 

0 

0 

0 

0 

0 

0 

0 

FI8HZ 

0.8011 

0.7134 

0.6226 

0.4744 

0.3543 

0 . 3098 

0.3094 

0.2799 

LINEAR  REG 

0.7296 

0.6901 

0.6527 

0.5523 

0.4673 

0.3954 

0 . 283 1 

0.2027 

TOT  NUli 

OBS 

1HR  COR 

1626 

JULY 


HR  1 

JIR  2 

HR  3 

DR  6 

HR  9 

HR  12 

HR  16 

HR  24 

OVERALL 

0.8963 

0.8042 

0.7471 

0.6030 

0.4869 

0.4060 

0.3073 

0 . 2702 

YEAR  1 

0.8396 

0.7735 

0.7064 

0.5215 

0.3570 

0.2145 

0.0652 

0.  1094 

647 

642 

637 

622 

61  1 

602 

584 

373 

YEAR  2 

0.8677 

0 . 8049 

0.7313 

0.6089 

0.5017 

0 . 4287 

0.3395 

0.2629 

636 

631 

627 

6  15 

604 

596 

584 

572 

YEAR  3 

0.8632 

0 . 7790 

6.7364 

0.6059 

0.4930 

0.4493 

0.3615 

0.3591 

716 

713 

710 

701 

695 

689 

683 

677 

YEAR  4 

0.8699 

0 . 8069 

0.7200 

0.5209 

0.3943 

0.2568 

0. 1386 

0.0299 

366 

562 

358 

546 

535 

526 

508 

490 

F1SHZ 

0.8603 

0.7909 

0.7276 

0.5700 

0.4417 

0.3479 

0.23B7 

0.2073 

LINEAR  REG 

TOT  NUM  OBS 

0.8427 

1  HR  COR 

0.7035 

2565 

0 . 7284 

0.5054 

0.4705 

0.3781 

0.2442 

0. 1577 

AUGUST 


UR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  10 

HR  24 

OVERALL 

0.8640 

0.8142 

0.7654 

0.630! 

8.5638 

0,5023 

0.3607 

0 . 2704 

YEAR  1 

0 . 86  1 4 

0.7884 

0.7373 

0.5849 

0.4742 

0.3614 

0. 1892 

0.0316 

67  1 

667 

604 

638 

634 

646 

634 

622 

YEAR  2 

0.8366 

0 . 8088 

0.7581 

0.6339 

0.5582 

0.4750 

0.3334 

0.3179 

545 

341 

337 

528 

524 

520 

308 

496 

YEAH  3 

0.8183 

0.7352 

0.6885 

0.3710 

0.4915 

0.4782 

0.3044 

0.  1613 

632 

628 

624 

6  13 

604 

595 

588 

376 

YEAR  4 

0.0957 

0.8395 

0.8210 

0.7323 

0.6545 

0.6109 

0.4956 

0.4614 

707 

704 

701 

692 

683 

676 

670 

664 

FISIIZ 

0.0579 

® . 8079 

0.7573 

0.6383 

0.3300 

0. 4090 

0.3430 

0.2324 

L1NEAJI  REC 

TOT  NUM  03S 

0.8492 

ILK  COR 

0.8054 

2553 

0.7639 

0.6317 

0.3360 

0.4744 

0.3453 

0.2513 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  10M  WIND  SPEED  (M/SEC) 

SEPTEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVEPJU..L 

0.8945 

0 . 8406 

0.7926 

0.6587 

0.5775 

0. 5201 

0.4324 

0 . 4005 

YEAR  1 

0.8304 

0.7493 

0.6754 

0.4304 

0.2468 

0. 1608 

0.0892 

0. 1578 

268 

263 

263 

256 

250 

243 

231 

219 

YEAR  2 

0.8957 

0.8418 

0.7807 

0.6127 

0.5379 

0.4984 

0 . 3805 

0.4162 

65  l 

647 

643 

631 

620 

613 

601 

592 

YEAR  3 

0.8764 

0.8146 

0.7793 

0.6436 

0.5567 

0.4509 

0.3432 

0.2176 

694 

691 

688 

680 

674 

668 

662 

656 

YEAR  4 

0.9  113 

0.8734 

0 . 8284 

0.7405 

0.677  1 

0.6508 

0.5897 

0.5530 

689 

686 

683 

o74 

666 

660 

653 

647 

FISHZ 

0.8909 

0.8360 

0.7859 

0.6480 

0.5630 

0.5045 

0.4123 

0.3799 

LINEAR  REG 

0.8346 

0.8193 

0.7854 

0.6920 

0.6096 

0.5371 

0.4169 

0.3236 

TOT  NUM 

OBS 

1  HR  COR 

2302 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

UR  !2 

HR  18 

HR  24 

OVERALL 

0.8978 

0.86  18 

0.8271 

0.7397 

0.65  13 

0.5794 

0.4663 

0.3777 

YEAR  1 

0.8374 

0 . 7806 

0.7176 

0.6220 

0.4957 

0 . 382 1 

0.1721 

0.0730 

408 

405 

403 

397 

39  1 

385 

375 

363 

YEAR  2 

0.8743 

0.8249 

0.7912 

0.6918 

0.5798 

0.5138 

0.3348 

0.  1986 

690 

687 

684 

675 

669 

666 

660 

654 

YEAR  3 

0.8503 

0.8102 

0.7584 

0.5997 

0.4893 

0.3553 

0 . 2227 

0 . 1 834 

709 

705 

701 

693 

686 

681 

674 

660 

YEAR  4 

0.9085 

0.8810 

0.8492 

0.7749 

0.6884 

0.6278 

0.5339 

0.4214 

719 

716 

713 

704 

699 

696 

690 

684 

FISHZ 

0.8768 

0 . 8333 

0.7913 

0.6051 

0.5783 

0.4895 

0.3490 

0 . 2439 

LINEAR  REG 

0.8830 

0.8365 

0.7924 

0.6737 

0.5727 

0.4869 

0.3519 

0.2544 

TOT  NUM 

OBS 

1  HR  COR 

2526 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9016 

0.8614 

0.8214 

0.7263 

0.6383 

0.5766 

0.4762 

0.4342 

YEAR  1 

0.8667 

0 . 823 1 

0 . 7825 

0.7025 

0.6150 

0.5118 

0.3780 

0.3317 

5  13 

506 

499 

478 

461 

449 

430 

425 

YEAR  2 

0 . 8839 

0.8411 

0.7946 

0.7254 

0.6666 

0.6350 

0.5587 

0.5680 

681 

677 

673 

66  1 

652 

646 

640 

634 

YEAR  3 

0.9129 

0.8548 

0.7989 

0.6295 

0 . 4822 

0 . 3757 

O.  1709 

0 . 0300 

692 

689 

686 

677 

669 

667 

66  1 

654 

YEAR  4 

0.8971 

0.6634 

0.8290 

0.7383 

0.6509 

0.6246 

0.5769 

0.5580 

664 

660 

656 

644 

634 

625 

613 

603 

FISHZ 

0.8929 

0 . 8476 

0.8030 

0.7004 

0 . 6089 

0.5451 

0 . 4349 

0.3903 

LINEAR  REG 

0.8717 

0.8380 

0.8055 

0.7155 

0.6356 

0.5646 

0.4454 

0.3515 

TOT  NUM 

OHS 

IHR  COR 

2550 

DECEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  16 

HR  24 

OVERALL 

0.9096 

O.8640 

0.8142 

0.6866 

0.5797 

0.4988 

0 . 3578 

0.3055 

YEAR  1 

0.9379 

0.9111 

0.8793 

0.8054 

0.7457 

0.6910 

0.5881 

0.5414 

563 

559 

556 

547 

539 

536 

529 

5  17 

YEAR  2 

0.0813 

0.8386 

0.790  1 

0.7212 

0.6663 

0.6366 

0.5674 

0.5893 

662 

658 

654 

642 

633 

627 

62! 

615 

year  a 

0.9044 

0.8335 

0.7737 

0.6307 

0.4956 

0.4041 

0.  1886 

0.  1442 

703 

702 

699 

690 

681 

672 

665 

659 

YEAR  4 

0.8683 

0.0273 

0.7578 

0.5721 

0.4200 

0.3176 

0.2182 

0.  1785 

706 

702 

699 

690 

683 

677 

667 

661 

FISHZ 

0.8995 

0.8537 

0.00  15 

0.6051 

0 . 5862 

0.5171 

0.3932 

0.3671 

LINEAR  REG 

0.B7B1 

0.8401 

0.8037 

0.7030 

0.6163 

0.5396 

0.4138 

0.3173 

TOT  NUM 

OBS 

IHR  COR 

2636 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENT 1 AL  DECAY  FUNCTIONS 
YPENBURG  2M  WIND  SPEED  (M/8EC) 

JANUARY 


ER  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7864 

0.7439 

0.6960 

0.5749 

0.4739 

0.4104 

0.3272 

0.2969 

YEAR  1 

0 . 7233 

0.6811 

0.6193 

0.4678 

0.3711 

0.3527 

0.3192 

0.2569 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  2 

0.7  182 

0.6908 

0.6351 

0.5251 

0.4582 

0.4167 

0.3435 

0.2943 

716 

713 

714 

71  1 

708 

705 

699 

693 

YEAR  3 

0.9439 

0.8706 

0.7961 

0.6190 

0.5299 

0.4659 

0.2633 

0.0971 

703 

700 

696 

687 

681 

675 

666 

661 

YEAR  4 

0.9675 

0.9269 

0.8837 

0.7574 

0.6372 

0.5563 

0.4639 

0.4551 

731 

730 

729 

726 

723 

721 

715 

709 

FISHZ 

0 . 8B70 

0.8215 

0.7563 

0.6047 

0.5051 

0.4507 

e.35l  1 

0.2838 

LINEAR  REG 

0.8527 

0 . 8073 

0.7643 

0.6486 

0.5504 

0.4671 

0-3364 

0 . 2422 

TOT  NUN  OBS 

1HR  COR 

2893 

FEBRUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7489 

0.6923 

0.6433 

0.4954 

0.4231 

0 . 3709 

0 . 2809 

0.2362 

YEAR  1 

0.7133 

0.6  198 

0.5168 

0.3658 

0.2390 

0.2065 

0.  1431 

0. 1541 

, 

693 

692 

69  1 

688 

685 

682 

676 

670 

1 

YEAR  2 

0.7903 

0 . 7483 

0.7452 

0.6225 

0.5802 

0.5035 

0.4330 

0.3438 

1 

630 

629 

628 

625 

622 

619 

6  1 3 

607 

1 

I 

YEAR  3 

0.9760 

0.9375 

0.8954 

0.7570 

0.6578 

0.6256 

0.6689 

0.7034 

633 

629 

627 

6  19 

6  13 

603 

597 

587 

l 

YEAR  4 

0.9619 

0-9036 

0.8405 

0.6571 

0.5281 

0.4565 

0.4410 

0.4423 

i 

62G 

626 

624 

618 

612 

606 

594 

582 

i 

FISHZ 

0 . 9087 

0 . 8376 

0.7775 

0.6126 

0.5093 

0.4537 

0.4316 

0.4253 

1 

LINEAR  REG 

0.8423 

0.6095 

0.7779 

0.6903 

0.6126 

0.5436 

0.4281 

0.3371 

lV' 

X-' 

TOT  NUN  OBS 

iHR  COR 

2584 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  !2 

HR  18 

HR  24 

OVERALL 

0.7976 

0 . 7470 

0.6952 

0. 5509 

0.4690 

0.3956 

e.2721 

0.2463 

YEAR  1 

0.7602 

0.6945 

0.6363 

0 . 4589 

0.4212 

0.3458 

0.2096 

0.  1439 

737 

735 

733 

730 

727 

724 

719 

712 

YEAR  2 

0.7077 

0.6616 

0.5897 

0.4306 

0 . 3387 

0.2794 

0.  1525 

0. 1608 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  3 

0.9513 

0.0764 

0.8023 

0.6454 

0.5304 

0.4234 

0.3455 

0.3310 

681 

679 

678 

672 

666 

660 

648 

636 

YEAR  4 

0.9301 

0.8939 

0.8342 

0.6647 

0  5220 

0.4592 

0.4388 

0.4347 

661 

657 

652 

645 

640 

636 

626 

6  14 

FISHZ 

0 . 8780 

0.8000 

0.7269 

, 0.5530 

0.4523 

0.3751 

0 . 2835 

0.2638 

LINEAR  REG 

0.8353 

0 . 7840 

0.7359 

' 0.6085 

0.5032 

0.4161 

0 . 2846 

0. 1946 

; 

TOT  NUN  OBS 

IHR  COR 

2822 

i 

i 

APRIL 

* 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

•V 

OVERALL 

0.7607 

0.7135 

0.6621 

0.5364 

8.4508 

0 . 3869 

0.3063 

0.2519 

* 

YEAR  1 

0. 7  125 

0.6254 

0.5687 

0.3837 

0.2751 

0.  1674 

0.0873 

0.  1075 

* 

717 

716 

715 

7  12 

709 

706 

700 

694 

■ 

YEAR  2 

0 . 0237 

0.7757 

0 . 7387 

0.6305 

0.5486 

0.4958 

0.3856 

0.2682 

7  19 

7  18 

7  17 

714 

711 

708 

702 

696 

V 

YEAR  3 

0.9542 

0.8964 

0.8350 

0.6900 

0.574G 

0 . 4873 

0.4893 

0.5438 

S 

365 

563 

561 

555 

349 

543 

531 

519 

3 

YEAR  4 

0.9605 

0.9028 

0.8423 

0.6809 

0.5724 

0.5377 

0.5844 

0 . 6020 

< 

717 

7  16 

7  15 

7  12 

709 

706 

700 

694 

% 

F  I SUZ 

0.8956 

0.B215 

0.7596 

0.6054 

0.4967 

0.4278 

0.3948 

0 . 3080 

N 

LINEAR  REG 

0.8342 

0.7902 

0.7637 

0.669  1 

0.5862 

0.5136 

0.3942 

0.3026 

h  TOT  NUM  OliS  I  UR  COR  2710 

5«. 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPEN8URC  2M  WIND  SPEED  (M/SEC) 

MAY 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL. 

0.3833 

0.4658 

0.3026 

0.2065 

0.0542 

-0.0850 

0.0955 

0.4195 

YEAR  1 

0.4128 

0.4416 

0.3112 

0. 1986 

0.0558 

0.0817 

0.0473 

0.3183 

739 

738 

737 

734 

731 

728 

722 

716 

YEAR  2 

0.2941 

0.4279 

0.2258 

0. 1766 

0.0265 

0. 1056 

0.  1039 

0.4639 

738 

736 

734 

730 

727 

724 

718 

712 

YEAR  3 

0.9563 

0.8859 

0.8111 

0.6219 

0.4868 

0.4694 

0.5659 

0.5708 

656 

655 

654 

65  1 

648 

645 

639 

633 

YEAR  4 

0.9749 

0.9379 

0.8958 

0.7875 

0.7174 

0.6816 

0.6817 

0.6721 

625 

623 

621 

6  15 

609 

603 

591 

579 

F  ISHZ 

0.8161 

0.7498 

0.6321 

0.4740 

0.3376 

0.3434 

0.3614 

0 . 5073 

LINEAR  REG 

0 . 7084 

0.6892 

0.6705 

0.6173 

0.5683 

0.5232 

0.4435 

0.3760 

TOT  NUM  OBS 

1HR  COR 

2758 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6309 

0.5881 

0.4923 

0.3032 

0. 1281 

0.0593 

0.2209 

0 . 289  1 

YEAR  1 

0.6217 

0.5701 

0.4362 

0.2138 

0.0165 

0.05  12 

0. 1234 

0 . 2087 

598 

568 

538 

535 

533 

529 

523 

607 

YEAR  2 

0.6554 

0.656  1 

0.6147 

0.3971 

0.2047 

0. 1140 

0.3387 

0 . 3602 

351 

330 

310 

306 

300 

293 

279 

307 

YEAR  3 

0.5462 

0.4491 

0.3238 

0. 1928 

0.0692 

0.0417 

0.0523 

0. 1681 

517 

489 

46  1 

453 

447 

445 

426 

485 

YEAR  4 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

F  ISHZ 

0.6049 

0.5529 

0.4462 

0.2519 

0.0794 

0.0624 

0. 1498 

0.2292 

LINEAR  REG 

0.5484 

0.5193 

0.4917 

0.4174 

0.3543 

0.3008 

0.2168 

0.  1562 

TOt  ni.tm  OBS 

!HR  COR 

1466 

JULY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6164 

0.5648 

0.4817 

0.3590 

0 . 2389 

0. 1875 

0. 1737 

0.2132 

YEAR  1 

0.481 1 

0.4600 

0.3691 

0.2221 

0. 1039 

0.0645 

0. 1482 

0 . 2944 

741 

740 

739 

736 

733 

730 

724 

718 

YEAR  2 

0.7119 

0.6521 

0.5643 

0 . 47o8 

0.3498 

0.2834 

0. 1895 

0.  1844 

716 

714 

712 

706 

700 

694 

682 

670 

YEAR  3 

0.9548 

0.8972 

0.8401 

0.6684 

0.5714 

0.5421 

0.5397 

0.5406 

743 

742 

74  1 

738 

735 

732 

726 

720 

YEAR  4 

0.9445 

0 . 8700 

0.7890 

0.5432 

0 . 3408 

0.3002 

0.4333 

0.4212 

617 

6  14 

6  1  1 

601 

592 

583 

565 

547 

F  ISHZ 

0.8484 

0.7637 

0.6752 

0.4910 

0.3536 

0.3088 

0.3349 

0.3676 

LINEAR  REG 

0.7632 

0.7282 

0.6947 

0.6033 

0.5239 

0.4549 

0.3431 

0 . 2587 

TOT  NUM  OBS  1HR  COR  2817 


AUGUST 


HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6584 

0.6280 

0.5905 

0.4242 

0.3156 

0.2394 

0 . 2800 

0.3916 

YEAR  1 

0.6247 

0.5617 

0.5445 

0.3493 

0. 1905 

0.0997 

0. 1448 

0.3005 

662 

660 

658 

652 

646 

640 

628 

616 

YEAR  2 

0.6872 

0.6839 

0.6213 

0.49 18 

0.4122 

0.3840 

0.3652 

0.4141 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  3 

0.9263 

0.8352 

0.7423 

0.4786 

0.2755 

0.  1758 

0 . 2820 

0.3626 

681 

678 

676 

670 

664 

658 

646 

634 

"N 

YEAR  4 

0.9254 

0.8403 

0.7413 

0.4705 

0.2204 

0. 1 107 

0.3095 

0.4139 

525 

521 

517 

305 

494 

483 

470 

464 

F  ISHZ 

0.8268 

0.7437 

0.6653 

0.4497 

0.2854 

0.2097 

0 . 2787 

0.3728 

ty 

LINEAR  REG 

0.7418 

0.7079 

0.6756 

0.5871 

0.5102 

0.4434 

0.3349 

0.2330 

TOT  NUM  OBS 

1HR  COR 

26  1  1 

G-24 

V 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  2M  WIND  SPEED  (M/SEC) 

SEPTEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24  i 

overall 

0.6352 

0.5401 

0.4652 

0.4136 

0.2914 

0.2636 

0.3033 

3.3793  ! 

YEAR 

1 

0.5120 

0.4223 

0.3170 

0.3111 

0. 1852 

0.  1475 

0.2619 

0 . 387 1  . 

689 

607 

605 

679 

673 

667 

655 

643  ; 

YEAR 

'i 

0.6025 

0.3541 

0.4650 

0.4519 

0.3013 

0.3066 

0.3669 

0.5034  i 

m 

719 

710 

717 

714 

71  1 

708 

702 

696  1 

YEAR 

3 

0.9433 

0.0645 

0.7666 

0.5244 

0 . 2739 

0. 1307 

0. 1864 

0.0430 

103 

102 

101 

98 

95 

92 

86 

80 

tf 

YEAR 

4 

0.9413 

0.0690 

0.7978 

0.6086 

0.4314 

0.3351 

0.3782 

0.4924 

675 

673 

671 

665 

659 

653 

641 

632 

FISHZ 

0.7915 

0.6748 

0.574  1 

0.4676 

0.3070 

0.2597 

0.3313 

0.4498 

LINEAR  REC 

0.6694 

0.6491 

0.6293 

0.5737 

0.3230 

0.4767 

0.3961 

0.3292 

TOT  NUM  OBS 

1 HR  COR 

2186 

OCTOBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.6997 

0.0616 

0.5273 

0.4223 

0.3409 

0.3540 

0.2427 

0.3714 

year 

1 

0.6514 

0.3157 

0 . 3843 

0.2589 

0.1018 

0. 1605 

0.0109 

0 . 2808 

696 

693 

69  1 

682 

673 

664 

646 

636 

YEAR 

2 

0.6641 

0.5389 

0.3321 

0.3971 

0.3048 

0.2465 

0. 1637 

0.2050 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR 

3 

0.9586 

0.9057 

0.8322 

0.7223 

0.6554 

0.6297 

0.5302 

0.5674 

580 

570 

376 

570 

564 

538 

346 

336 

YEAH 

4 

0.9624 

0.0939 

0.0103 

0.5441 

0.3373 

0 . 2749 

0.3120 

0.4375 

708 

707 

706 

703 

700 

697 

691 

685 

FISHZ 

0.8717 

0.7663 

0.6787 

0.4809 

0.3391 

0 . 3276 

0.2397 

0.3695 

LINEAR  REC 

0.7773 

0.7392 

0.7030 

0.6046 

0 . 5200 

0.4473 

0.3309 

0.2448 

TOT  nUM  OBS  1HR  COR 


NOYEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

K 

OVERALL 

0.7630 

0.7236 

0.6042 

0.6110 

0.5291 

0 . 4724 

0.3761 

0.3044 

YEAR 

1 

0.7493 

0.7188 

0.6630 

0.3095 

0.3641 

0.2044 

0.0922 

0 . 0788 

uS, 

717 

716 

713 

712 

709 

706 

700 

694  ' 

YEAR 

o 

0.7376 

0.6766 

0.631  1 

0.5353 

0.4841 

0 . 4436 

0 . 4388 

0.4142 

*  V 

696 

694 

692 

686 

600 

674 

662 

652 

YEAR 

3 

0.9840 

0.9662 

0.9490 

0.9148 

0.8090 

0. 0633 

0.8304 

0.7816  I 

719 

7  18 

7  17 

714 

71  1 

708 

702 

696 

YEAR 

4 

0.9842 

0.9599 

0.9329 

0.8333 

0.7901 

0 . 7544 

0.6780 

0.6022  | 

717 

716 

715 

712 

709 

706 

700 

694 

FISHZ 

0.9344 

0.8919 

0.8327 

0.7646 

0.6920 

0.6473 

0.5699 

0.5144  1 

rW 

LINEAR  REC 

0.9044 

0 . 8800 

0.8362 

0.7087 

0.7264 

0.6691 

0.3677 

0.4017  ! 

►Y» 

TOT  NUM  OBS 

1UR  COR 

2849 

t 

i 

t 

fcVs 

DECEMBER 


HR  1 

HR  2 

UR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.7525 

0.6993 

e.  6439 

0.3268 

0.4312 

0.3927 

6.2609 

0.2142 

YEAR  1 

0.7111 

0.6234 

0.3673 

6.4228 

0.3423 

0.3226 

0. 1393 

0.1211 

743 

742 

741 

730 

733 

732 

726 

720 

YEAR  2 

0.6331 

0.3904 

0.5166 

0.3755 

0.2660 

0. 1708 

0.0590 

0.0663 

740 

738 

737 

734 

731 

728 

722 

716 

YEAR  3 

0.9769 

0.9466 

0.9113 

0.8191 

0.7410 

0.6823 

0.6109 

0.5830 

576 

374 

572 

566 

560 

334 

542 

530 

YEAR  4 

0.9044 

0.9601 

0.9330 

0.0539 

0.7916 

0.7578 

0.6651 

0.6093 

693 

692 

69  1 

688 

683 

682 

676 

670 

FISH/ 

0.9001 

0.0472 

0.7902 

0.6376 

0.3640 

0.509  1 

0.3896 

0.3359 

LINEAR  REC 

0.8767 

0.836 1 

0.7973 

0. 69  16 

0.5999 

0.5203 

0.3914 

0.2943 

TOT  NUM  OBS  1HR  COR 


G-25 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  TEMPERATURE  (DEG  C) 

JANUARY 


HR  1 

UR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9583 

0.9077 

0.0545 

0.7091 

0.6019 

0.5232 

0.4248 

0.3903 

YEAR  1 

0.9439 

0 . 8706 

0.796  1 

0.6190 

0.5299 

0.4659 

0 . 2633 

0.0971 

703 

700 

696 

607 

681 

675 

666 

66  1 

YEAR  2 

0.9675 

0.9269 

0 . 8837 

0.7574 

0.6372 

0.5563 

0. 4639 

0.455 1 

731 

730 

729 

726 

723 

721 

715 

709 

YEAR  3 

0.9533 

0 . 8906 

0.8243 

0 . 6375 

0.5126 

0.4329 

0.3902 

0.4403 

743 

742 

74  1 

738 

735 

732 

726 

720 

YEAR  4 

0.9515 

0 . 9042 

0.8543 

0.7209 

0.6317 

0.5383 

0.4177 

0.3341 

716 

715 

714 

71  1 

708 

705 

699 

693 

F  ISHZ 

0.9550 

0 . 9003 

0.843 1 

0 . 6885 

0 . 5008 

0.500 1 

0 . 3900 

0 . 3449 

LINEAR  REG 

0.9298 

0 . 0039 

0.0403 

0.7220 

0.6204 

0.5330 

0.3935 

0.2905 

TOT  NUM  OBS 

lflR  COR 

2893 

FEBRUARY 

mi  1 

HR  2 

HR  3 

1IR  6 

HR  9 

HR  12 

HR  10 

HR  24 

OVERALL 

0 . 9736 

0 . 9340 

0 . 0807 

0.7500 

0. 6447 

0.5942 

0.6187 

0 . 6650 

YEAR  1 

0.9760 

0.9375 

0.0954 

0.7570 

0.6578 

0.6256 

0.6689 

0.7034 

633 

629 

627 

6  19 

6  13 

608 

597 

587 

YEAR  2 

0.9619 

0.9036 

0.8405 

0.657  l 

0.528! 

0.4565 

0.4410 

0.4423 

628 

626 

624 

6  18 

6  12 

606 

594 

582 

YEAR  3 

0.9587 

0.0944 

0.8163 

0.5695 

0.3683 

0.2600 

0.3281 

0.4656 

693 

692 

69  l 

688 

685 

682 

676 

670 

YEAR  4 

0.9711 

0.9335 

0 . 09  1 5 

0.7783 

0.7016 

0.6567 

0 . 6303 

0.6504 

630 

629 

628 

625 

622 

6  19 

6  13 

607 

F  ISHZ 

0.9675 

0.9188 

0.8637 

0.6966 

0 . 5726 

0.5095 

0 . 5232 

0.5740 

LINEAR  REG 

0.0980 

0.8723 

0.0474 

C. 7769 

0.7123 

0.6530 

0 . 5489 

0.4613 

TOT  NUM  OBS 

1KR  COR 

2504 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  IB 

HR  24 

OVERALL 

0.9619 

0.9097 

0.8551 

C.7147 

0.6075 

0.5351 

0.5043 

0.49  15 

YEAR  1 

0.9513 

0.8764 

0.0023 

0.6454 

0.5304 

0.4234 

0.3455 

0.3310 

681 

679 

678 

672 

666 

660 

648 

636 

YEAR  2 

0.9501 

0.0939 

0.0342 

0.6647 

0.5220 

0.4592 

0 . 4388 

0 . 4347 

66  1 

657 

652 

645 

640 

636 

626 

6  14 

YEAR  3 

0.9636 

0.9131 

0.0580 

0.70  16 

0.5786 

0.4722 

0.36  13 

0.2698 

735 

733 

731 

728 

725 

722 

717 

710 

YEAR  4 

0.9566 

0 . 0996 

0 . 8300 

0.66  19 

0.5309 

0.4831 

0.5602 

0.6 164 

743 

742 

74  1 

738 

735 

732 

720 

720 

F  ISHZ 

0.9559 

0.8970 

0.8340 

0.6695 

0.5416 

0.4607 

0.4329 

0.4259 

LINEAR  REC 

0.9037 

0.8655 

0 . 0209 

0 . 728  1 

0.6396 

0.56  10 

0.4335 

0.3345 

IDT  NUM  OBS 

1 1IR  COR 

2020 

APRIL 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

l'R  12 

I1R  10 

HU  24 

OVERALL 

0.9640 

0.9140 

0.0609 

0.7144 

0.5937 

0.5320 

0 . 5700 

0.6264 

YEAR  1 

0 . 0842 

0 . 0383 

0 . 7964 

0.7144 

0-6535 

0.5526 

0.4587 

0.3839 

604 

681 

670 

669 

66  1 

656 

650 

644 

YEAR  2 

0.7456 

0 . 7220 

0.6664 

0.5323 

0.4789 

0.4125 

0 . 324  1 

0.2102 

565 

563 

56  1 

555 

549 

543 

531 

5  19 

YEAR  3 

0.6619 

0.559  1 

0.4692 

0.3259 

0.  1990 

0. 1449 

0. 1105 

0.  1018 

7  17 

7  16 

7  15 

712 

709 

706 

700 

694 

YEAR  4 

0.7125 

0.6254 

0.5607 

0.3837 

0 . 275  1 

0. 1674 

0.0873 

0. 1075 

7  17 

7  16 

715 

712 

709 

706 

700 

694 

F  ISHZ 

0.7656 

0 . 6996 

0.6301 

0 . 5008 

0.4104 

0.3209 

O . 2428 

0.2212 

LINEAR  REC 

0.735I 

0.6092 

0.6462 

0.5325 

0.4309 

0.3617 

0.2456 

0. 1668 

TOT  NUM  ODS  1  HR  COR 


2603 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENOURO  TEMPERATURE  (DEG  C) 

MAY 


HR  l 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HP  24 

OVERALL 

0.0790 

0.9325 

e . 8905 

0.7752 

0.6953 

0.6682 

0.6954 

0 . 7036 

YEAR  J 

0.9563 

0.8859 

0.0111 

0.6219 

0 . 4B68 

0.4694 

0.5659 

0.5700 

656 

655 

654 

65  1 

648 

645 

639 

633 

YEAR  2 

0.9749 

0.9379 

0.8958 

0.7875 

0.7174 

0.6816 

0.6817 

0.6721 

625 

623 

621 

6  15 

689 

603 

59  I 

579 

YEAR  3 

0.9766 

0.9475 

0.9104 

0 . 8384 

0.7055 

0.7628 

0.7560 

© . 7563 

739 

738 

737 

734 

731 

728 

722 

716 

YEAR  4 

0.9659 

0.9205 

0.8695 

0.7078 

0.5895 

6.5481 

0.6260 

0.6758 

73H 

736 

734 

730 

727 

724 

718 

712 

F1SH7. 

0.9695 

0.9266 

0 . 0002 

0.7515 

0.6617 

0.6310 

0.6653 

0.6770 

LINEAR  REG 

0 . 9003 

0.8841 

0.8682 

0 . 8222 

0.7786 

0.7373 

0.6612 

0.5930 

TOT  NUM 

OBS 

1HR  COR 

2750 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

UR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9450 

0.8778 

0.8060 

0.6268 

0.5103 

0.4361 

0 . 4088 

0.4397 

YEAR  1 

0.9449 

0.8669 

0.7852 

0.5889 

0 . 4872 

0.4057 

0.2910 

0.3360 

7  13 

7  1  1 

710 

707 

704 

701 

695 

669 

YEAR  2 

0.9595 

0.9053 

0.0469 

0.6892 

0.5769 

0  5244 

0.6095 

0.6920 

423 

420 

417 

408 

399 

390 

373 

355 

YEAR  3 

0.9194 

0.8452 

0.7634 

0.5656 

0.4134 

0.3209 

0 . 2888 

0.2276 

624 

62  1 

618 

609 

600 

59  1 

573 

557 

YEAR  4 

0 . 0000 

0.0000 

0.0030 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

FISH7. 

0.9414 

0 . 0704 

0.7946 

0.6068 

0 . 4046 

0.4063 

0.3726 

0.3972 

LINEAR  REC 

0.876(1 

0.0357 

0.7965 

0.6897 

0.5972 

0.5171 

0 . 3877 

0.2907 

TOT  NUM 

OUS 

11IU  COR 

1760 

JULY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9614 

O.90O8 

0.6526 

0.6860 

0.5600 

0.5064 

0.5612 

0.5904 

YEAR  1 

0.9540 

0.0972 

0.8401 

0.6684 

0.5714 

0.542! 

0.539? 

0.5406 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  2 

0.9440 

0 . 0700 

0.7890 

0.5432 

0 . 3480 

0.3002 

0.4333 

0.4212 

6  17 

6  14 

6  1  1 

601 

592 

583 

565 

547 

YEAR  3 

0.9493 

0 . 0789 

0.0014 

0.5727 

0 . 380 1 

0.2957 

0.3830 

0 . 484 1 

74  1 

740 

739 

736 

733 

730 

724 

710 

YEAR  4 

0.9680 

0.9215 

0.0/06 

0.7222 

0.6072 

0.5300 

0.5982 

0.6428 

7  16 

7  14 

712 

706 

7C0 

694 

602 

670 

F1SHZ 

0.9554 

0.0944 

0.8293 

0.635  1 

0.4904 

0.4315 

0.4950 

0.5313 

1. 1  NEAR  1 

REG 

0.0733 

0.0453 

0.0103 

0.7422 

0.6732 

0.6106 

0.5023 

0.4132 

TOT  NUM 

OI1S 

1  HR  COR 

2017 

AUCUST 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  1 2 

UR  18 

IUI  24 

OVERALL 

0.9455 

0.070 1 

0 . 0066 

0.6006 

0.45  17 

0.3000 

0.4006 

0 . 5367 

YEAR  I 

0.9263 

0.0352 

0.7423 

0.4706 

0.2755 

0.  1750 

0 . 2020 

0 . 3626 

601 

670 

676 

670 

664 

658 

646 

634 

YEAR  2 

0.9254 

0.0403 

0.7413 

0 . 4705 

0 . 2204 

0 .  1107 

0.3095 

0.41 39 

525 

52  1 

5  17 

505 

494 

483 

470 

464 

YEAR  3 

0.9299 

0.0430 

0.7553 

0  5212 

0.3625 

0 . 256  1 

0.2940 

0.4623 

1)62 

6  60 

650 

652 

646 

649 

620 

6  16 

YEAR  4 

0.9503 

0.0049 

0.0149 

0.6145 

0 . 4475 

0. 3H74 

0.4069 

0 . 5003 

743 

742 

74  1 

730 

735 

732 

726 

720 

f  J  sir/, 

0.9340 

0. 0539 

0.7601 

0.5296 

0.3396 

0.2490 

0.354  1 

0 . 4425 

LINEAR 

REG 

0.0437 

0.0077 

0. 7733 

0.6704 

0.5953 

0.5223 

0.4020 

0.3095 

TOT  NUM 

OBS' 

Mill  COR 

26  1  I 
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SERI AI.  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURC  TEMPERATURE  (DEG  C) 

SEPTEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.0592 

0.9042 

0.8474 

0.6905 

0.5617 

0.4845 

0.4890 

0.5206 

YEAR  1 

0.9433 

0.8645 

0.7666 

0.5244 

0.2739 

0. 1307 

0. 1864 

0.0430 

103 

102 

101 

90 

95 

92 

86 

80 

YEAR  2 

0.9413 

0.8698 

0.7978 

0.6086 

0.4314 

0.3351 

0 . 3782 

0.4924 

675 

673 

67  1 

665 

659 

653 

641 

632 

YEAR  0 

0.9721 

0.9316 

0.8878 

0.7554 

0.6541 

0. 5806 

0.5108 

0 . 4533 

660 

657 

654 

645 

636 

627 

609 

592 

YEAR  4 

0.9315 

0.8373 

0.7449 

0.4964 

0.3072 

0.2048 

0.3056 

0 . 454 \ 

719 

7  18 

7  17 

7  14 

7  1  t 

708 

702 

696 

FISHZ 

0.9508 

0.884 1 

0.0152 

0.6236 

0.4637 

0.3681 

0.3890 

0.4525 

LINEAR  REC 

0.0796 

0.8426 

0.0072 

0.7096 

0.6238 

0.5483 

0.4237 

0.3275 

TOT  NUM  OBS 

1  HR  COR 

2157 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9714 

0.9303 

0.8858 

0.7628 

0.6795 

0.6357 

0.5960 

0.6103 

YEAR  1 

0.9586 

0.9057 

0.8522 

0.7225 

0.6554 

0.6297 

0.5502 

0.5674 

580 

578 

576 

570 

564 

558 

546 

536 

YEAR  2 

0.9624 

0.8939 

0.8103 

0.5441 

0.3573 

0.2749 

0.3128 

0.4375 

708 

707 

706 

703 

700 

697 

69  1 

685 

YEAR  0 

0.9843 

0.9633 

0.9415 

0.8384 

0 . 8477 

0.0222 

0.7975 

0.7878 

690 

695 

693 

684 

675 

666 

648 

638 

YEAR  4 

0.9661 

0.921 1 

0.8741 

0.746 1 

0.656  1 

0.5978 

0.5104 

0.4806 

743 

742 

741 

738 

735 

732 

726 

720 

F|SH7V 

0.9701 

0 . 9270 

0.0802 

0.7509 

0.6609 

0.6121 

0 . 5666 

0.5838 

LINEAR  REG 

3.9ioi 

0 . 8942 

G . 8708 

0 . 8345 

3 . 7452 

3 . 0866 

3 . 5863 

3 . 333 I 

TOT  NUM  OBS 

1  HR  COR 

2729 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9825 

0.9606 

0.9368 

0.8730 

0 . 8258 

0.7955 

0.7638 

0.7320 

YEAR  1 

0 . 9840 

0.9662 

0.9490 

0.9148 

0 . 8890 

0.8655 

0.8304 

0.7816 

719 

718 

717 

7  14 

71  1 

708 

702 

696 

YEAR  2 

0 . 9842 

0.9599 

0.9329 

0.8535 

0.79O1 

0.7544 

0.6780 

0.6022 

717 

716 

715 

712 

709 

706 

700 

694 

YEAH  a 

0.9591 

0.9101 

0.8346 

0.7154 

0.6162 

0.5380 

0.5098 

0.5204 

717 

7  16 

715 

712 

709 

706 

700 

694 

YEAR  4 

0.9875 

0.9730 

0.9566 

0.9055 

0.0710 

0.8559 

© . 8586 

0.8550 

696 

694 

692 

686 

6  80 

674 

662 

652 

FISHY 

0.9010 

0 . 95  ?2 

0.9313 

0.8629 

0.8125 

0.7786 

0.7452 

0.7146 

LINEAR  REG 

0.9530 

0.9399 

0.9263 

0.8865 

0.8404 

0.8119 

0.7437 

0.681 1 

TOT  NUM  OBS 

inn  cor 

2049 

DECEMBER 

HR  1 

UR  2 

HR  3 

UK  6 

HR  9 

lUl  12 

HR  18 

UR  24 

OVERALL 

u . 98 1 3 

0 . 9567 

0.9302 

0.8566 

0.7963 

0.7468 

0 . 6809 

0.6410 

YEAR  I 

0 . 9769 

0.9466 

0.9113 

0.0191 

0.7410 

0.6825 

0.6  109 

0.5050 

576 

574 

572 

566 

560 

554 

542 

530 

YEAR  2 

0.9844 

0.9601 

0.9330 

0.0539 

0.7916 

0.7070 

0.6851 

0.6O93 

693 

692 

69  1 

608 

605 

602 

676 

670 

YEA  R  0 

0.9040 

0.9632 

0.9417 

0 . 8030 

0.0245 

0.7699 

0.7150 

0.6942 

743 

742 

741 

73P 

735 

732 

726 

720 

YEAR  4 

0.96U6 

0.9328 

0.897  1 

0.8056 

0.7447 

0.6904 

0.5937 

0.4810 

740 

738 

737 

734 

731 

728 

722 

7  16 

FISHZ 

0.9794 

0.9522 

0.9232 

0. 8444 

0.7799 

0.7317 

0.6564 

0. 5987 

LINEAR  REG 

0.9624 

0.9410 

0.9201 

0.0600 

0 . 0039 

0.7514 

0.6565 

0.5736 

TOT  NUM  OBS  1UR  COR  2752 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 

YFENBURc  DEWPOINT  (DEC  C) 


HR  I 

HR  2 

HR  3 

OVERALL 

0.9545 

0.0965 

0.8330 

YEAR 

1 

0.9413 

0.8645 

0.7795 

703 

700 

696 

YEAR 

2 

0.9566 

0.9010 

0.8441 

731 

730 

729 

YEAR 

3 

0.9539 

0 . 8000 

0.8009 

743 

742 

741 

YEAR 

4 

0.9591 

0.9  199 

0.8773 

716 

7  15 

714 

F  ISRZ 

0.9532 

0.8934 

0.8295 

LINEAR  REG 

0.9259 

0.8729 

0.0229 

TOT  NUM  OBS 

1  HR  COR 

2893 

HR  1 

UK  2 

HR  3 

OVERALL 

0.9721 

0 . 9300 

0.8840 

YEAR 

1 

0.9644 

0.9098 

0.8302 

633 

629 

627 

YEAR 

2 

0.9567 

0.8960 

0.8330 

620 

626 

624 

YEAR 

3 

0.9765 

0.93O8 

0.8977 

693 

692 

691 

YEAR 

4 

0 . 9683 

0.9233 

6.8680 

630 

629 

628 

FISHZ 

0.9675 

0.9 194 

0.8652 

LINEAR  REG 

0.9247 

0.8860 

0.8490 

I«1  PH1M  (IBS 

I  HR  COR 

2304 

JANUARY 


HR  6 

HR  9 

HR  12 

HR  10 

HR  24 

0.6693 

0.3412 

0.4422 

0.3411 

0.3049 

0.5470 

0.3808 

0.2584 

0.0393 

0.0633 

687 

681 

675 

666 

66  1 

0.6963 

0.3601 

0.4713 

0 . 3786 

0.3380 

726 

723 

721 

713 

709 

0.5012 

0.4654 

0.396© 

0.4111 

0.3234 

738 

733 

732 

726 

720 

0.7632 

0.6443 

0.331S 

0.3866 

0.2712 

71  1 

708 

703 

699 

693 

0.6364 

0.5228 

0.4216 

0. 3188 

0.3193 

0.6896 

0.3779 

0 . 4843 

0.3401 

0. 2388 

FEBRUARY 


HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

0.7338 

0.6092 

0.5387 

0. B397 

0.5637 

0.6362 

0.4683 

e .  4 1 29 

0.3363 

0.6371 

6  19 

6  13 

608 

397 

587 

0.6797 

0.3481 

0.4035 

0. 1930 

0. I 142 

6  18 

6  12 

606 

594 

382 

0.7359 

0.6169 

0.3144 

0.4483 

0.4233 

688 

685 

682 

676 

670 

0 . 7037 

0.5816 

0.3)13 

0.4907 

0.3065 

623 

622 

6  19 

613 

607 

0.6982 

0 . 3380 

0.4640 

0.4319 

0.443 1 

0.7469 

0.6571 

0.5781 

0.4474 

0.3463 

MARCH 


HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  10 

HR  24 

OVERALL 

0.9724 

0.9374 

0.8998 

0.7930 

0.6943 

0.6102 

0.3109 

0.4345 

YEAR  1 

0.9735 

0.9332 

0.0966 

0.7096 

0.6923 

0.6134 

0.3604 

0.5113 

681 

679 

678 

672 

666 

660 

648 

636 

YEAR  2 

0.9543 

0.9009 

0.8466 

0.6857 

0.3433 

0.4394 

0.3031 

0.2224 

66  1 

657 

632 

643 

640 

636 

626 

6  14 

YEAR  3 

0.9676 

0.9273 

0.8810 

0.7450 

0.5970 

0.4342 

0.  1363 

0.0039 

735 

733 

731 

728 

723 

722 

717 

710 

YEAR  4 

0.9774 

0.9505 

0. 9  193 

0.8335 

0.7633 

0.7183 

0.6097 

0.6282 

738 

736 

733 

732 

729 

726 

720 

7  14 

F  IS  HZ 

0.9696 

0.9312 

0.8897 

0.7710 

0.6605 

0.5667 

0.4346 

0.3666 

LINEAR  RF.C 

0.9666 

0.9243 

0 . 8838 

0.7726 

0.6755 

0.5903 

0.4314 

0,3450 

TOT  NUM  OBS 

1HH  COR 

2815 

APRIL 

UR  1 

Hil  2 

HR  3 

HR  6 

UR  9 

HR  12 

UR  18 

HR  24 

OVERALL 

0.9700 

0.9375 

0 . 9039 

0.81 04 

0 . 7445 

0.6799 

0.3715 

0.5014 

YEAH  1 

0.9781 

0.9329 

0.9260 

0.8424 

0.7736 

0.7226 

0.6359 

0.5339 

565 

563 

36  1 

333 

549 

543 

531 

3  19 

YEAR  2 

0.97O8 

0.94  1  1 

0.9144 

0.0410 

0 . 7004 

0.7374 

0.6347 

0.5403 

7  17 

7  16 

7  15 

7  12 

709 

706 

700 

694 

YEAH  3 

0.9575 

0  9075 

0.8393 

C. 73  13 

0.6293 

0.5230 

0 . 3706 

0.3617 

717 

7  16 

7  15 

7  12 

709 

706 

700 

694 

YEAR  4 

O . 9556 

0.91  19 

0.8693 

0.7504 

0.645 1 

0.0369 

0 . 380 1 

0.30)7 

717 

7  16 

7  13 

7  12 

709 

706 

700 

694 

F  1  KHZ 

0 . 966 1 

0.9295 

0.8939 

0.7936 

0.7100 

0.6334 

0,3007 

0.4333 

LINEAR  IlEG 

0.9601 

0.9250 

0 . 8927 

0 . 8004 

0.7176 

0.6434 

0.5172 

e.4138 

TOT  NUM  UBS  1HU  COR  2/ 10 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 

YPENBURG  DEVPOINT  (DEG  C) 

HAY 


HR  1 

UR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9737 

0.9449 

0.9168 

0.8443 

0.7820 

0.7201 

0 . 6789 

0.6509 

YEAR  1 

0.9420 

0 . 083  1 

0.8318 

0  7  147 

0.6224 

0.5472 

0.3962 

0 . 2933 

636 

633 

654 

65  1 

648 

645 

639 

633 

YEAR  2 

0.9682 

0.93OB 

0.8908 

0.7962 

0.7319 

0.6720 

0.6126 

0.3723 

623 

623 

621 

615 

609 

603 

59  1 

579 

YF.AR  3 

0.9822 

0.9643 

0.9466 

0.8990 

0.8363 

0.8158 

0.7807 

0.7858 

735 

734 

733 

730 

727 

724 

719 

714 

YEAR  4 

0.9664 

0.9234 

0.8020 

0.7718 

0.6671 

0. 5868 

0.5556 

0.5276 

738 

736 

734 

730 

727 

724 

7  18 

712 

FISHY 

0.9681 

0.9327 

0.8976 

0.8104 

0.7367 

0.6735 

0.6)03 

0.3789 

LINEAR  REG 

0.9398 

0.9168 

0.8943 

0.8306 

0.7713 

0.7162 

0.6176 

0.3326 

TOT  NUM 

OBS 

llift  COR 

2734 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HU  12 

HR  18 

HR  24 

OVERALL 

0.9378 

0.0863 

0.0228 

0.6876 

0.5824 

0.5048 

0.3838 

0.2764 

YEAR  1 

0.9488 

0.8933 

0.8460 

0.7321 

0.6435 

0.6068 

0.5506 

0.4812 

423 

420 

417 

408 

399 

390 

373 

355 

YEAR  2 

0.8947 

0 . 8447 

0.7302 

0.6105 

0.4937 

0.3788 

0.2607 

0.0946 

568 

537 

348 

529 

5  15 

505 

489 

483 

YEAR  3 

0.4702 

0 . 3058 

0.2703 

0.0781 

0.0929 

0. 1677 

0 . 0483 

0 . 0270 

7  10 

707 

706 

703 

700 

697 

693 

687 

YEAR  4 

0-0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0 

0 

0 

0 

0 

0 

0 

0 

FISHY 

0.8169 

0.7163 

0.6327 

0.4375 

0.3820 

0.3563 

0.2483 

0. 1626 

»  >ur  i  r»  nrr- 
A-.  1  DL/LiV  1UJ\/ 

n  a  *TO 

w*  »  VI  u 

A  TIMA 

a  £4.  i  A 

9 . 5293 

a  4236 

0. 3390 

ft  2|7| 

0  1396 

TOT  NUM 

OBS 

1  HR  COR 

1701 

JULY 

HR  1 

HR  2 

HR. 3 

HR  6 

HR  9 

HR  12 

HR  18 

UR  24 

OVERALL 

0.9639 

0.9268 

0.8922 

0.0033 

0.7437 

0.6967 

0.6300 

0.5664 

YEAR  1 

0.9333 

0.9072 

0.8669 

0.7837 

0.739B 

0.6937 

0.6425 

0.3826 

743 

742 

74  1 

738 

733 

732 

726 

720 

YEAR  2 

0.9383 

8.8743 

0.8119 

0.6630 

0.5680 

0.5090 

0.3831 

0 . 2893 

6  17 

6  14 

6  1  1 

601 

592 

583 

563 

347 

YF.AR  3 

0.9633 

0.9263 

0.8924 

0.7989 

0.7336 

0.6914 

0.6349 

0.3321 

644 

632 

621 

392 

573 

565 

562 

577 

YEAR  4 

0.9701 

0.9423 

0  9  133 

0.8301 

0.7373 

0.7010 

0.6317 

0 . 3832 

716 

714 

7  12 

706 

700 

694 

682 

670 

FISHY. 

0 . 9308 

0.9  168 

0.0773 

0.7789 

0.7103 

0.6600 

0.5881 

0.5151 

LINEAR  REG 

0.9290 

0 . 904 1 

0.0790 

0.808! 

0.7420 

0 . 6829 

0 . 577  1 

0.4877 

TOT  NUM 

OBS 

1UR  COR 

2720 

AUGUST 

HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

mi  in 

HR  24 

OVERALL 

R.9590 

0.9222 

0 . 8857 

0.7013 

0.7050 

0. 6608 

0.5807 

0.5043 

YEAR  1 

0.9442 

0 . 8800 

0.0347 

0.7067 

0.6052 

0.5410 

0 . 4077 

0 . 3938 

679 

676 

674 

668 

662 

656 

644 

632 

YEAR  2 

0 . 9  1  OB 

0.8330 

0,7949 

0.6219 

0.490! 

0.4513 

0.3942 

0.3293 

523 

521 

5  17 

sea 

494 

403 

470 

464 

YEAR  a 

0.9348 

0.89  16 

0 . 843 1 

0.6942 

0.6356 

0.6320 

0.4692 

0.3299 

443 

419 

398 

349 

32  I 

307 

319 

339 

YEAR  4 

0.9734 

0.9442 

0.9134 

0.0109 

0.7385 

0.6760 

0.5763 

0.4990 

743 

742 

741 

7  30 

735 

732 

726 

720 

FISHY 

0.9504 

0.9847 

0.8593 

0.73  13 

0.6386 

0.5862 

0.4975 

0.4070 

LINEAR  1 

REG 

0.9260 

0 . 8908 

0.8370 

0.7631 

0.6793 

0.605  1 

0.4797 

0.3804 

TOT  NUM 

OBS 

11111  COH 

2390 

I 
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SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONFJfTIAL  DECAY  FUNCTIONS 

YPENBURC  DEWPOINT  (DEC  C) 

SEPTEMBER 


HR  1 

UR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 9746 

0.9453 

0.9151 

0.8368 

0 . 770 1 

0.7094 

0.6015 

0.5130 

YEAR  1 

0.9584 

0.8986 

0.0429 

0.7437 

0.6617 

0.3795 

0.4353 

0. 1578 

103 

102 

101 

98 

95 

92 

86 

80 

YEAR  2 

0.9590 

0.9123 

0.8641 

0.7422 

0.6494 

0.5736 

G . 3940 

0.2714 

675 

673 

671 

665 

659 

653 

641 

632 

YEAR  0 

0.9838 

0.9673 

0.9489 

0.897  » 

0.8473 

0.7966 

0.7003 

0.5863 

643 

639 

633 

623 

612 

603 

385 

568 

YEAR  4 

0-9550 

0.9011 

0.8459 

0.6957 

0.5635 

0.4480 

0.3239 

0.2930 

700 

697 

694 

688 

683 

678 

672 

666 

FISH2. 

0.9682 

0.9316 

0.8932 

0.7911 

0.7018 

0.6207 

0 . 48 1 2 

0.3771 

LINEAR  REG 

0.9701 

0.9312 

0.8938 

0.7905 

0.6992 

0.6184 

0 . 4837 

0.3784 

TOT  NUN 

ORS 

1HR  COR 

2121 

OCTOBER 

HR  l 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9785 

0.95O3 

0.9201 

0.8327 

0.7576 

0.6985 

0.6407 

0.6040 

YEAR  1 

0. 96  12 

0.9118 

0.8570 

0.6960 

0.5837 

0.5187 

0.477 1 

0.5150 

580 

578 

576 

570 

564 

558 

346 

536 

YEAR  2 

0.966! 

0.9153 

0.8589 

0.7095 

0.5684 

0.4579 

0.3556 

0.2763 

708 

707 

706 

703 

700 

697 

69  1 

683 

YEAR  (I 

0.99  17 

0.9815 

0.9710 

0.937  1 

0.9033 

0.8717 

0.0399 

0 . 8263 

698 

695 

693 

684 

673 

666 

648 

638 

YEAR  4 

0.966  1 

0.9254 

0 . 8826 

0.7572 

0.6613 

0.5873 

0.5097 

0.3933 

6  1  1 

597 

586 

535 

529 

5  13 

322 

535 

FISHZ 

0.9760 

0.9447 

0.9107 

0.0105 

0.7229 

0  6539 

0.5883 

0. 3478 

LINEAR  REG 

0.9536 

0.9273 

0.9017 

0 . 8289 

0.762! 

0.7006 

0.5921 

0.3003 

TOT  N’JM 

ORS 

1HR  COR 

2597 

NOVEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9806 

0.9550 

0.9302 

0.8604 

0 . 8067 

0.7650 

0.7032 

0.6541 

YEAR  I 

0.9733 

0.9453 

0.9  160 

0.8505 

0.8098 

0 . 7829 

0.7197 

0.6746 

719 

718 

717 

7  14 

71  1 

708 

702 

696 

YEAR  2 

O . 9003 

0.9530 

0.9221 

0.8332 

0.7667 

0.7130 

0.6110 

0.5400 

7  17 

716 

715 

712 

709 

706 

700 

694 

YEAR  a 

0.9606 

0.9174 

0.0733 

0.7243 

0.5816 

0 . 4725 

0.3846 

0.3556 

7  17 

716 

?  15 

7  12 

709 

706 

700 

694 

YEAR  4 

0.9874 

0.9696 

0.9516 

0.902  I 

0.8628 

0.0300 

0.7934 

0.7312 

696 

694 

692 

606 

680 

674 

662 

652 

MSI!'/ 

0. 9777 

0.9493 

0. 9  199 

0.0372 

0.77  16 

0.7205 

0.6487 

O.5970 

LINEAR  1 

KEG 

0.9584 

0.9367 

0. 9  156 

0.8350 

0.7984 

0 . 7455 

0.0500 

0.5668 

TOT  NUN 

OBS 

1UR  CGR 

2849 

DECEMBER 

HR  1 

MR  2 

HIl  3 

HR  6 

HR  9 

HR  12 

IIR  10 

HR  24 

OVERALL 

0.9792 

0 . 9o»»8 

0.9200 

0.031 1 

0 . 7595 

0 .  V  035 

0.O2  12 

O.  5946 

YEAR  1 

0.9741 

0.9401 

0.9074 

0.8142 

0.7356 

0 . 6600 

0.5692 

0.5250 

576 

574 

572 

566 

360 

554 

542 

330 

YEAR  2 

0. 9802 

0.9523 

0 . 9209 

0.0309 

0.7642 

0.7113 

0.6101 

0.536 1 

693 

692 

69  1 

608 

605 

682 

676 

670 

YEAR  a 

0. 9007 

0.9566 

0.930) 

0.0547 

0.7840 

0 . 7235 

0.6634 

0.6637 

743 

742 

74  1 

738 

735 

732 

726 

720 

YEAR  4 

0.9726 

0.9369 

0.0974 

0.7894 

0.7172 

0.6597 

0.5227 

0 . 4570 

740 

730 

737 

734 

73  1 

720 

722 

716 

riSHZ, 

0. ,773 

0.9474 

0. 9  152 

0.8243 

0.7524 

0.6924 

0  5953 

0.5524 

LINEAR 

MEG 

0.961! 

0.9356 

0.9 107 

0.8399 

0.7746 

0.7144 

0.6077 

0.5  169 

TOT  NUM 

OBS 

1UR  COR 

2752 

C-31 


SERIAL 

CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 

YPENBURC 

RELATIVE  HUMIDITY 

( 100X  -  RH> 

JANUARY 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  IB 

HR  24 

OVERALL 

0.9222 

0 . 8302 

0.7535 

0.5564 

0.4336 

0.3653 

0.2872 

0 . 2202 

YEAR  1 

0.9200 

0.6358 

0.7411 

0.5133 

0.3473 

0.2358 

0. 1521 

0. 1025 

703 

700 

696 

687 

681 

675 

666 

661 

YEAR  2 

0.9226 

0 . 840 1 

0.7557 

0.5384 

0.3910 

0.3193 

0.28  1 2 

0. 2018 

731 

730 

729 

726 

723 

721 

7  15 

709 

YEAR  a 

0.9153 

0.8139 

0.7117 

0.5322 

0.4642 

0.4202 

0.2642 

0.  1621 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  4 

0.8976 

0.8059 

0.7164 

0.4931 

0.3544 

0.2802 

0.  1965 

0. 1344 

716 

715 

714 

71  ! 

708 

705 

699 

693 

FISH2 

0.9166 

0.8244 

0.7316 

0.5197 

0 . 39  1 4 

0.3190 

0.2257 

0.  1514 

LINEAR  REG 

0 . 3085 

0.8122 

0.7425 

0.5673 

0.4335 

0.3312 

0.  1933 

0.1129 

TOT  NUM  OBS 

1HR  COR 

2893 

FEBRUARY 

UR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  10 

UR  24 

OVERALL 

0.9475 

0.8771 

0.8053 

0.6081 

0.4436 

0.3225 

0.  1841 

0. 1878 

YEAR  1 

0 . 9484 

0.8776 

0.8063 

0.6365 

0.5041 

0. 4165 

0.2933 

0. 1680 

633 

629 

627 

619 

6  13 

608 

597 

587 

YEAR  2 

0.9625 

0.9058 

0.8424 

0.6724 

0.5253 

0 . 383 1 

0.  1433 

0.  1  193 

628 

626 

624 

618 

6  12 

606 

594 

582 

YEAR  3 

0.9404 

0.86O4 

0.7863 

0.5741 

0.3679 

0.2041 

6.0077 

0.0319 

693 

692 

69  1 

688 

685 

682 

676 

670 

YEAR  4 

0.9015 

0.7059 

0.6676 

0.3294 

0.0673 

0.0699 

0.0426 

0.0599 

630 

629 

620 

623 

622 

6  19 

6  13 

607 

FISH2 

0.9418 

0.8632 

0 . 783 1 

0.5651 

0.3768 

0 . 2709 

0.1194 

0.0926 

LINEAR  UEC 

0.9597 

0.8503 

0.7675 

0.5490 

0.3926 

0.2808 

0. 1437 

© . ©735 

lt>i  NUM  OHS 

!HH  CUR 

25  H4 

MARCH 

HR  1 

HR  2 

HR  3 

HR  6 

UR  9 

HR  12 

HR  16 

IIR  24 

OVERALL 

0.9219 

0.8104 

0.723O 

0.4763 

0.2686 

0. 1329 

0.  1067 

©. 1724 

YEAR  1 

0.9304 

0.8340 

0.7416 

0.5621 

0 . 4085 

0.2728 

0.  1576 

0, 1710 

601 

679 

678 

672 

666 

660 

648 

636 

YEAR  2 

0.8953 

0.7582 

0.6388 

0 . 2887 

0.00  19 

0. 1266 

0.0156 

0.0843 

66  1 

657 

652 

645 

640 

636 

626 

614 

YEAR  3 

0.9179 

0 . 0007 

0.7163 

0.4632 

0.2301 

0.0602 

0.0398 

0.0052 

735 

733 

73  1 

728 

725 

722 

7  17 

710 

YEAR  4 

0.9213 

0.8207 

0.7150 

0.4217 

0.  19  13 

0.0862 

0.  1698 

0. 3216 

730 

7.16 

733 

732 

729 

726 

720 

714 

FI  KHZ 

0.9174 

0.0078 

0.7059 

0.4406 

0.2166 

0. 1352 

0.0974 

0. 1497 

LINEAR  RFC 

0 . 8084 

0.7913 

0.7052 

0.4987 

0.3526 

0.2494 

0.  1247 

6 . 0624 

TOT  NUM  OBS 

1 HR  COR 

2815 

APRIL 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

17R  12 

HR  18 

HR  24 

OVERALL 

0.9130 

0 . 6054 

0.7013 

0.4407 

0.2529 

0.  16  15 

0.17  19 

0.20)0 

YEAR  1 

0.9196 

0.8147 

0.7021 

0 . 4637 

0 . 2256 

0. 15o2 

O.  1420 

0.2435 

565 

563 

56  1 

535 

549 

543 

53  1 

519 

YEAR  2 

0.9054 

0.79  1 3 

0.6703 

0.4008 

0.2283 

0.  1438 

0.0998 

0.  1002 

717 

716 

713 

7  12 

709 

706 

700 

694 

YEAR  3 

0.9140 

0 . 8045 

e.7020 

0.4576 

0 . 2868 

8.  1973 

0.  1538 

0.  1004 

717 

7  16 

7  13 

712 

709 

706 

700 

694 

YEAR  4 

0.9000 

0.7036 

0.6736 

0.3977 

0.  1322 

0.0023 

0.  157  1 

0 . 2907 

717 

7  16 

7  13 

712 

709 

706 

700 

694 

F18RZ 

0.9097 

0.7979 

0 . 6892 

0.4159 

0.2105 

0. 1236 

6.  1386 

O.  1034 

LINEAR  REG 

0.8590 

0 . 7770 

0.7028 

0.3201 

0.3049 

0.2840 

0.  1560 

0.0854 

SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  RELATIVE  HUMIDITY  (100X  -  RB) 

MAY 


HR  I 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9 120 

0.8132 

0.7210 

0.5079 

0.3756 

0.3356 

0.3592 

0.4048 

YEAR  1 

0.9 199 

6.8163 

0.7520 

0.5267 

6.3644 

0.3471 

0.4098 

0.4978 

656 

635 

654 

65  I 

648 

645 

639 

633 

YEAR  2 

0.9044 

0.7860 

0.6678 

6.4168 

0 . 2829 

0. 1956 

0 . 0823 

0.0816 

625 

623 

621 

6  13 

609 

603 

39  1 

379 

YEAR  0 

0 . 8648 

0 . 7303 

0.6053 

0.3303 

0. 1980 

0. 1640 

0. 1799 

0. 1682 

735 

734 

733 

730 

727 

724 

719 

714 

YEAR  4 

0.9 196 

6.8231 

0 . 7209 

0.4446 

0.2161 

0. 1378 

0.2766 

0.4628 

738 

736 

734 

736 

727 

724 

718 

712 

FiSHZ 

0.9039 

0.79  1  1 

0.6838 

0.4300 

0.2630 

0.2095 

0.2432 

0.3187 

LINEAR  REG 

0.0100 

0.76  14 

0.7157 

0.3945 

6.4939 

0. 4102 

0.2831 

0.  1933 

TOT  NUM 

OBS 

I  HR  COR 

2754 

JUNE 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

ovf:rall 

0.8901 

0.7593 

0.6425 

0.3659 

0.2120 

0. 1370 

0.  1632 

0.2773 

YEAR  1 

0 . 8988 

0.7378 

0.6097 

0.2605 

0.0866 

0.0173 

0.  1064 

0 . 2587 

713 

71  1 

710 

707 

704 

701 

695 

689 

YEAR  2 

0.B353 

0.7727 

0.6672 

0.4476 

0.3040 

0. 1846 

0.2812 

0 . 3483 

420 

420 

417 

408 

399 

390 

373 

355 

YEAR  3 

0 . 86  1  1 

0.6973 

0.5766 

0.2699 

0.0922 

0 . 0267 

0.0358 

0.0307 

568 

557 

548 

529 

513 

303 

489 

483 

YEAR  4 

0.0000 

0 . 0600 

0 . 0000 

0 . 0000 

6.0000 

0 . 0000 

0 . 0000 

0 . 0000 

0 

0 

0 

0 

0 

0 

0 

0 

FISHZ 

0 . 8B39 

0.743  1 

0.6143 

0.3123 

0. 1435 

0.0622 

0.  1428 

0.2163 

LINEAR  REG 

0.7955 

0.7320 

0.6735 

0.5247 

0.4088 

0.3184 

0.  1933 

0.  1  173 

TOT  NUM 

OBS 

iHR  OOH 

1704 

JULY 

HR  1 

HR  2 

UR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 0880 

0.7607 

0.6430 

0.3865 

0.2104 

0. 1468 

0 . 2484 

0.3358 

YEAR  1 

0.0727 

0.7281 

0.3974 

0.3019 

0.  1600 

0.  1705 

0.2544 

0.3995 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  2 

0 . 8003 

0.7203 

0.3924 

0.3219 

0.1112 

0.6290 

0.  1032 

0.  1337 

617 

6  14 

6  1  1 

601 

592 

583 

565 

347 

YEAR  3 

0.8717 

0.7476 

0.6260 

0.3444 

0.  1343 

0.0270 

0.  1719 

0.2121 

644 

632 

621 

392 

573 

565 

562 

577 

YEAR  4 

0.B9I4 

0.7534 

0.6321 

0.3638 

0.  1584 

0 . 0685 

0.  1882 

0.3327 

716 

7  14 

712 

706 

700 

694 

682 

670 

FISHZ 

0.8794 

0.7401 

0.6124 

0.3328 

0.  1429 

0.079H 

0.  1850 

0.2900 

LINEAR  1 

AEG 

0.7742 

0.7272 

0.6831 

0.566  1 

0.4692 

0 . 3809 

0.2671 

0.  1833 

TOT  NUM 

OBS 

I  UR  COR 

2720 

AUGUST 

HR  1 

HR  2 

HR  3 

HR  6 

HJ\  9 

HR  12 

HR  18 

HR  24 

OVERAL] 

0. 0635 

0.7395 

0 . 6384 

0.3ei6 

0. 1575 

0.0061 

0.  1900 

0 . 2832 

YEAR  1 

0 . 8037 

0.7495 

0.6353 

0.3518 

0.09  11 

0.0013 

0.095  1 

0. 1672 

679 

676 

674 

668 

662 

656 

644 

632 

YEAR  2 

0 . 0024 

0.6522 

0 . 342  1 

0.2266 

0.O456 

0.  1303 

0 , 0280 

0. 1609 

325 

52  l 

3  17 

505 

494 

483 

470 

464 

YEAR  3 

0. 0187 

0.6703 

0.3632 

0.3243 

0.0700 

0.0176 

0.0630 

0.2044 

443 

4  19 

398 

349 

321 

307 

3  19 

339 

YEAR  4 

0.0731 

ft. 75  14 

«.64!8 

0.3392 

0. 1138 

0.0332 

0. 1879 

0.2143 

743 

742 

741 

738 

735 

732 

726 

720 

I  ISII/ 

0.0558 

0.71 06 

0 . 606  1 

0.3163 

0.0856 

0.043ft 

0.  1075 

0 . 2004 

LINEAR 

REG 

0.7761 

0.7  137 

0.6562 

0.51 02 

0 . 3966 

0 . 3004 

0. 1064 

0  1127 

Tor  num  oijs  uui  con 


2090 


SERIAL  CORRELATION  COEFFICIENTS  AND  EXPONENTIAL  DECAY  FUNCTIONS 
YPENBURG  RELATIVE  HUMIDITY  (  1005  -  Ml) 

SEPTEMBER 


HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0 . 879  I 

0.7496 

0.6408 

0.3855 

0  2021 

0.  1  172 

0. 1633 

0.2629 

YEAR  I 

0.8336 

0.6670 

0.5171 

0.1147 

0.2012 

0.3539 

0.0144 

0.0990 

103 

102 

101 

98 

95 

92 

86 

80 

YEAR  2 

0 . 8773 

0 . 7300 

0.6052 

0.3164 

0.1143 

0.0179 

0.0477 

0.  1799 

675 

673 

67  1 

665 

659 

653 

641 

632 

YEAR  3 

0.8850 

0.7769 

0.6754 

0.3905 

0. 1843 

0.0959 

0.2006 

0.2652 

643 

639 

633 

623 

6  12 

603 

585 

568 

YEAR  4 

0.8662 

0.7223 

0.6)54 

0.4050 

0.2664 

0. 1897 

0.  1693 

0 . 2868 

700 

697 

694 

688 

603 

678 

672 

666 

FISHZ 

0.8744 

0.740  1 

0,6271 

0.3627 

0.  1907 

0.1146 

0. 1333 

0 . 2389 

LINEAR  REG 

0.7856 

0.7263 

0.6714 

0.5305 

0.4192 

0.3312 

0.2068 

0.1291 

TOT  NITM  OBS 

I HR  CGR 

212  1 

OCTOBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

IIR  24 

OVERALL 

0 . 8976 

0.7796 

0 . 6607 

0.4238 

0.3069 

0.2685 

0.2077 

0.2338 

YEAR  1 

0 . 880 1 

0.73  1  1 

0.5913 

0.2811 

0.  1513 

0.  1616 

0. 1924 

0 . 3285 

580 

578 

576 

570 

564 

558 

546 

536 

year  2 

0.9311 

0.8300 

0.7257 

0.4496 

0.2656 

0.  1792 

0.0907 

0.  1004 

708 

707 

706 

703 

700 

697 

69  1 

685 

YEAR  3 

0.9066 

0.8166 

0.7344 

0.5736 

0 . 4546 

0 . 3683 

0.2184 

0. 1928 

698 

695 

643 

684 

675 

666 

648 

638 

YEAR  4 

0 . 8285 

0.6440 

0.4774 

0.  1418 

0.0774 

0.  1116 

0. 1257 

0.  1575 

61  1 

597 

386 

555 

529 

513 

522 

535 

FIS1I7. 

0.8948 

0.7704 

0.6522 

0 . 3888 

0.2570 

0.2152 

0. 1562 

O. 1903 

LINEAR  REG 

0 . 8280 

0.7523 

0.6035 

0.3127 

0.3843 

0 . 2884 

0. 1622 

0.0913 

'rrt'r  mim  ftoc 

t  ini  r>Ai> 

A  \S  A  H  Vil  \y  *_/»_> 

A  ill!  VJ  VI  k 

k>V  /  * 

NOVEMBER 

IIR  1 

HR  2 

HR  3 

UR  6 

DR  9 

HR  12 

HP.  18 

HR  24 

OVERALL 

0.9249 

0.8437 

0.7623 

0.5683 

0.4523 

0.3853 

0 . 3452 

0.3371 

YEAR  1 

0.9081 

0.81  12 

0.7134 

0.5085 

0.3940 

6.3218 

0.2324 

0.  1562 

719 

7  18 

717 

7  14 

71  1 

708 

702 

696 

YEAR  2 

0.9251 

0.8453 

6 . 7723 

0.6099 

0.5281 

0  4593 

0.3382 

0 . 3374 

717 

7  16 

713 

712 

709 

706 

700 

694 

YEAR  3 

0.9092 

0.7989 

0.6807 

0.3822 

0 .  1 836 

0.1021 

0. 1768 

0 . 2247 

717 

7  16 

7  15 

7  12 

709 

70J 

700 

694 

YEAR  4 

0.9160 

0.8344 

0.7486 

0.5116 

0.353  1 

0.2728 

0 . 2879 

0.2932 

696 

69  4 

692 

686 

680 

674 

662 

652 

FISHZ 

0  9150 

0.8232 

0.7305 

0.5074 

0.3713 

0.2944 

0.2594 

0.2535 

LINEAR  REG 

0.8 >84 

0.7979 

0.7417 

0.5956 

0 . 4703 

0 . 384 1 

0.2477 

0.  1590 

TOT  NUM  OBS 

1  HR  COR 

2849 

DECEMBER 

HR  1 

HR  2 

HR  3 

HR  6 

HR  9 

HR  12 

HR  18 

HR  24 

OVERALL 

0.9261 

0.8439 

0.7670 

0.5894 

0.4561 

0.3606 

0 . 2059 

0.2653 

YEAR  1 

e.9331 

0.8646 

C  .  7877 

0 . 6075 

0.5076 

0.4697 

0.4936 

0.4739 

576 

574 

572 

566 

560 

554 

542 

530 

YEAR  2 

0.9277 

0.8500 

0.7770 

0.6173 

0.5328 

0.4614 

0.3370 

0 . 3420 

693 

692 

69  1 

C3f! 

685 

602 

676 

670 

YEAR  3 

0.9253 

0 . 8349 

0.7587 

0.6143 

0.4794 

0.3750 

0 . 2608 

0 . 2285 

743 

742 

741 

738 

735 

732 

726 

720 

YEAR  4 

0 . 8990 

0.80O2 

0.7042 

0.4305 

0.26  18 

0.1167 

0.0181 

0.0248 

740 

738 

737 

734 

73  1 

726 

722 

716 

FISHZ 

0.9214 

0.837  1 

0 . 7364 

0.5708 

0.4458 

0.3537 

0.2696 

0.2584 

LINEAR  REG 

0.8785 

0.8199 

0.7653 

0.6222 

0.5050 

0.4112 

0.2710 

0. 1797 

tot  Nun  ous  nut  cor  275:1 


APPENDIX  H 


YPEN3URG  CROSS  CORRELATIONS 


JANUARY  CORRELATION  COEFFICIENTS  /  PROB  >  IRI  UNDER  HOiRHO^O  /  NUMBER  OF  OBSERVATIONS 
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YPENB1JRC  STEPWISE 
EQUIVALENT  !R  AEROSOL 


COEFFICIENTS  OF  DETERMINATION  FOR 
EXTINCTION  3. 4-5. ©MICRONS  AT  THE 


DEPENDENT  VARIABLE 
.15  SIGNIFICANCE  LEVEL 


JANUARY 


FEBRUARY 


R  SQUARED  VARIABLE! S)  ENTERED 


R  SQUARED  VARIABLE! S)  ENTERED 


.2040 

.3091 


I 

I 


.3197 
.  3  lt)0 


RH 

HR,  DP 
T.  RU.  DP 
2M.  T.  RH,  1)P 


.0710 
.  0B42 
.  0050 
.  080  1 


T 

IOM.  T 

ION,  T.  DP 
IOM,  T,  RH,  DP 


I 


MARCH 

APRIL 

R 

1 

SQUARED 

VARIABLE!  S) 

ENTERED 

R 

SQUARED 

VARIABLE!  S) 

ENTERED 

1 

t 

1 

) 

.226  1 
.  2500 
.2536 

RH 

RH.  DP 

2M.  RM,  DP 

.  1700 
.  2047 
.  2083 
.2170 

RH 

2M.  R1I 

2M.  RH.  DP 
2M.  T,  RH, 

DP 

1 

I 

MAY 

JUNE 

1  R 

J 

SQUARED 

VARIABLE!  S> 

ENTERED 

R 

SQUARED 

VARIABLE!  S) 

ENTERED 

1 

\ 

1 

.0604 

.0753 

/  » ci  *  r» 

.  Vil  1  / 

.  007  1 

RH 

T,  RH 

•v  r»  i  t  no 

A  t  AVIA  f  A/A 

10M.  r,  RH. 

DP 

.  040) 

.  0632 

A004 

«  UU*.  'I 

DP 

10M,  DP 

t  IVM  Q M  Oil 

A  Uil  |  Mil)  A/A 

JULY  AUGUST 


R  SQUARED 

.  1484 
.  1605 
.  1600 
.  1720 


VAR I  ABLE! S)  ENTERED 


RH 

T.  IU1 
T.  RH.  DF 
IOM,  T,  HU. 


DP 


SEPTEMBER 

R  SQUARED  VARI ABLE! S)  ENTERED 


.2570 

.2611 

.2670 


RH 

T,  R!i 
T,  RU,  DP 


NOVEMBER 


R  SQUARED 

.2412 
.  2560 
.2010 
.  200  1 


VA1.1  ABLE!  S )  ENTERED 
RH 

IOM,  RU 
10M.  RH,  I)P 
IOM,  T.  PU,  DP 


R  SQUARED  VARIABLE!  S)  ENTERED 


.1271 
.  1343 
.  1381 
.  1770 


RR 

2M,  1UI 
2M,  UH,  DP 
2M,  T,  IUI,  DP 


OCTOBER 

R  SQUARED  VARIABLE! S)  ENTERED 


.  1028  1UI 

.  1075  T,  IU1 

.  !i52  T,  IUI,  1)P 

.  1204  IOM,  T,  IUI.  DP 


DECEMBER 


R  SQUARED 

VARIABLE! S) 

LNTLREi 

.0081 

PJ! 

.  1033 

RH,  DP 

.1122 

T,  IUI,  DP 

.1144 

2fi.  1,  IUI, 

DP 

J-2 


■ 


1 

1 

1 

1 


.» 


YPENBIJRC  STEPWISE  COEFFICIENTS  OF  DETERMINATION  FOR  DEPENDENT  VARIABLE 
EQUIVALENT  1R  AEROSOL  EXTINCTION  0-12  MICRONS  AT  THE  . 15  SIGNIFICANCE  LEVEL 


JANUARY 


FEBRUARY 


R  SQUARED 


VARIABLE!  S)  ENTERED 


R  SQUARED 


VARIABLE!  S)  ENTERED 


. 1099  RH 

.2042  RU.  DP 

.2107  T.  RH,  DP 

.2110  2M,  T.  RH.  DP 


.0309 

.0473 


DP 

2M.  DP 


march 


APRIL 


R  SQUARED 


VARIABLE! S)  ENTEREP 


R  SQUARED 
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ABBREVIATIONS,  ACRONYMS,  AND  SYMBOLS 

aerosol  absorption 

Air  Force  Geophysics  Laboratory 

Air  Force  Global  Weather  Central 

aerosol  scattering 

Air  Weather  Service 

monochromatic  volume  attenuation/extinction  coefficient 

Cumulative  Distribution  Function 

path  length  over  which  extinction  occurs. 

The  Environmental  Simulation  Section  of  USAFETAC. 
vapor  pressure 

saturation  vapor  pressure 
Expectation  operator 

Equivalent  Normal  Deviate,  the  standard  normal  variable. 

Electro-Optical . 

Electro-Optical  and  Meteorological. 

The  environmental  simulation  model  of  a  single  EO/Met  variable  at  some 
initial  time  and  at  N  lag  times. 

The  environmental  simulation  model  on  N  EO/Met  variables  at  a  time  lag  At  In 
which  the  cross  correlations  between  the  N  EO/Met  variables  are  preserved. 

Greenwich  Mean  Time 

Infrared 

Intensity  of  the  Incident  monochromatic  radiation 

kilometer 

per  kilometer 

latent  heat  of  vaporization 
common  logarithm,  base  10 
natural  logarithm,  base  e 
molecular  absorption 
Meteorological 
molecular  scattering 
millimeters  per  hour 
meters  per  second 
Mean  Solar  Time 

Multivariate  Triangular  Matrix  Simulation  modol 
nautical  mile 
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PDF 

R 

RX 

RH 


USAFETAC 
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TX 

X 
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Taer 

th2o 

Tmol 

Tmeas 


Optical  Physics  Division  of  AFGL 

Ogtlcal  Atmospheric  Quantities  in  Europe 

total  atmospheric  pressure 

Probability  Density  Function 

radius  of  scattering  or  absorption  particle 

spectral  response  of  a  sensor 

relative  humidity 

specific  gas  constant  for  water  vapor 

temperature 

dewpoint  temperature 

United  States  Air  Force  Environmental  Technical  Applications  Center 

Single-variable,  single  station  environmental  simulation  model 

Two-variable,  single  station  environmental  simulation  model 

radiance  of  a  transmitting  source 

path  length  for  a  given  radiance 

Monochromatic  transmittance 

wavelength 

weighted  average  extinction 
transmittance  for  aerosols 
transmittance  for  water  vapor 
transmittance  for  molecular  components 
measured  Barnes  transmittance 


K-2 


(W-77K7S 


DISTRIBUTION 

US  Array  Atmospheric  Sciences  Laboratory,  ATTN:  DELAS-AE-0 ,  White  Sands  Missile  Range,  NM,  88002 . 1 

HQ  USAF/SAGW,  Pentagon,  Room  1D3808,  Washington,  DC  20330 . . . 1 

USAFETAC/DNY,  Scott  AFB,  IL  62225 . ."...,  ...  25 

AUL,  Maxwell  AFB,  AL  36112 . 1 

3350  TTG,  Weather  Training  Branch,  Chanute  AFB,  IL  61868 . 1 

AWS/DNT ,  Scott  AFB,  IL  62225 . 1 

USAFETAC/LD,  Scott  AFB,  IL  62225 . 5 

AFCL/OPA,  Hanscom  AFB,  MA  01731 . . . 35 

ASD/WE,  Wright  Patterson  AFB,  OH  *)5*)33 . 1 

AFWAL/WE,  Wright  Patterson  AFB,  OH  145^33 . 1 

AFIT/ENP,  Wright  Patterson  AFB,  OH  1)51)33 . 1 

USAF  R&D  Liaison  Office,  US  Embassy,  P  0  Box  1)10,  New  York  09080 . 1 

RADC/WE,  Griffiss  AFB,  NY  1331)0 . 1 

AFFTC/WE,  Edwards  AFB,  CA  93523 . 1 

AFRPL/WE,  Edwards  AFB,  CA  93523 . ....1 

WSMC/WE  (2  WS-D30,  Vandenberg  AFB,  CA  93*137 . . . 2 

HQ  AFSC/WEN,  Andrews  AFB,  MD  20331  . 1 

HQ  AFSC/WE ,  Andrews  AFB,  MD  20331 . 1 

HQ  AFSC/DLLR,  Andrews  AFB,  MD  20331  . . . 1 

HQ  AFSC/WER,  Andrews  AFB,  MD  20331 . 1 

AFSWC/WE ,  Kirtland  AFB,  NM  87117 . 1 

AFWL/WE ,  Kirtland  AFB,  NM  87117 . . . 1 

Dr  Andrew  Zardeckl,  T-DOT,  Mail  Stop  288,  Los  Alamos  National  Laboratory,  P  0  Box  1663, 

Los  Alamos,  NM  875*)5 . . 1 

ESD/WE,  Hanscom  AFB,  MA  01731 . . 1 

MIT  Lincoln  Laboratory,  Mail  Stop  1,  Research  Library,  Hanscom  AFB,  MA  01731 . 1 

AFOSR,  EOARD/LNG,  P  0  Box  11),  FPO  New  York  09510 . '. . 1 

AWS/DNPP ,  Scott  AFB,  IL  62225 . . . . . 1 

FTD/WE ,  Wright  Patterson  AFB,  OH  1)51)33 . 1 

AFTAC/WE,  Patrick  AFB,  FL  32925 . 1 

ADTC/WE,  Eglln  AFB,  FL  3251)2 . 1 

Dr  Thomas  P.  Charlock,  NASA  Langley  Research  Center,  Hampton,  VA  23665 . 1 

Dr  Charles  H.  Whitlock,  MS  1)20,  NASA  Langley  Research  Center,  Hampton,  VA  23665 . 1 

Dr  D.  Clement,  FORSCHUNGSINSTITUT  FUR  OPTIK,  SCHLOSS  KRESSBACK,  D?1)00  TUBINGEN  1,  FRG . , . 5 

Mr  A.  P.  Junchat,  CENTRE  D'ELECTRONIQUE  DE  L'ARMEMENT,  35170  BRUZ,  FRANCE . 2 

Mr  M.  C.  Nielson,  Danish  Defense  Research  Establish,  VED  IDRATSPARKEN,  4,  DK2100 

COPENHAGEN  0  DENMARK . 5 

Capt  Gennaro  La  Marca,-  SEGREDIFESA  IV  REPARTO,  VIA  XX  SETTEMBRE,  00100  Roma,  Italy . 3 

Physics  Lab  TNO,  IR  J.  Van  Schle,  P  0  Box  96861) ,  2509JG  THE  HAGUE,  The  Netherlands . 5 

Dr  W.  A.  Shand,  RSRE,  ST  ANDREWS  ROAD,  GREAT  MALVERN,  WORCHESTERSHIRE ,  WR1 1)  3PS,  ENGLAND . 5 

Dr  L.  Blssonnette,  Defense  Research  Establishment,  VALCARTIER,  P  0  Box  8800,  COURCELETTE  P.Q. 

GOA  1  RO,  ,  Canada . . . ** 

Mrs  A.  M.  Bouchardy,  ONEARA,  92320  CHATILLON . . . 1 

Mr  Donald  D.  Anderson,  Commander,  Director,  Office  of  Missile  Electronic  Warfare,  ATTN: 

DELEW-M-FM,  White  Sands  Missile  Range,  NM  88002 . . . 1 

Dr  Albert  Arklng,  NASA  Goddard  Space  Flight  Center,  Code  911,  Greenbelt,  MD  20771  . .' . 1 

Dr  Peter  Avlzonas,  AFWL,  Kirtland  AFB,  NM  87117... . . . . . 1 

Major  Rick  Babcock,  AWS/DNXP,  Scott  AFB,  IL  62225 . 1 

Mr  Terry  E.  Battallno,  Pacific  Missile  Test  Center  (PMTC),  Geophysics  Division, 

Code  325321  ,  Point  Mugu,  CA  930*12 . 1 

Dr  Ernest  Bauer,  Institute  for  Defense  Analyses  { IDA/STD) ,  1801  North  Beauregard  Street, 

Alexandria,  VA  22311 . . . 1 

Roger  Berger,  US  Army  CRREL/RP,  72  Lyme  Road,  Hanover,  NH  03755 . 1 

Richard  J.  Bergmann,  Night  Vlsion/Electro-Optlcs  Lab,  Attn:  DELNV-VI,  Fort  Belvoir,  VA  20060 
Dr  Louis  D.  Duncan  (DELAS-EO-S) ,  Commander,  Director,  Atmospheric  Science  Laboratory  (ASL), 

White  Sands  Missile  Range,  NM  88002 . . . 1 

Dr  D.  Ebeoglu,  AFATL,  Eglln  AFB,  FL  . . 1 

Oskar  M.  Essenwanger,  Commander,  US  Army  Missile  Command,  AMSMI-RRA,  Redstone  Arsenal,  AL  35809 . 1 

Dr  James  W.  Fitzgerald  (Code  **326),  US  Naval  Research  Lab,  Washington,  DC  20375 . 1 

Dr  Walter  Flood,  US  Army  Research  Office,  P  0  Box  12211,  Research  Triangle  Park,  NC  27709 . 1 

Robert  S.  Fraser,  NASA,  Goddard  Space  Flood  Center,  Code  915,  Greenbelt,  MD  20771 . 1 

Walter  A.  Gallie,  HQ  AFSC/DLSE,  Andrews  AFB,  MD  . . 1 

Mr  Mack  Gay,  AFATL/DLMI ,  Eglln  AFB,  FL  325*12 . 1 

Mr  Harold  Geltmacher,  AFWAL/AARI-3.  Wright  Patterson  AFB,  OH  *)5*J33 . 1 

Dr  Herman  P.  Gerber,  Code  *1322,  US  Naval  Rosoarch  Laboratory  (NRL) ,  Washington,  DC  20375 . 1 

Dr  Siegfried  A.  W.  Gerstl,  Los  Alamos  Scientific  Laboratory,  Theoretical  Division, 

MS-210,  P  0  Box  1663,  Eos  Alamos,  NM  . . 1 

Dale  Gillette,  NOAA/EKL/ARL/GMCC ,  R329,  325  Broadway,  Boulder,  CO  80303 . 1 


Lt  Col  Ronald  Obermeyer,  HQ  USAF/HDI,  Washington,  DC  20330 . 

^F^Belvolr*  VA622060S  Army  Nl8ht  Vl3l°n  and  Electr°-Optlcs  Laboratory,  ATTN:  DELNV-VI, 

d°3*  J*DPfre*"ESaU»1,  Naval  Surfaoe  Weapons  Center,  White  Oak  (R42-90-120A) ,  SU ver  Spring  MD  209l' o’ 
Mr  Don  Peterson,  DRSMI-OGA  (Bldg  4500),  Redstone  Arsenal,  AL  35807 . .  ’ 

Mr  J.  T.  Peterson  (RB3-335)  ,  US  Department  of  Commerce,  National  Oceanlc’and'Atmos!  "Admin". . 

environmental  Research  Labs,  323  Broadway,  Boulder,  CO  80303 . . 

R.  G.  Pinnlck,  Commander,  Director,  Atmospheric  Sciences  Laboratory  (ASL),  White  Sands 
Missile  Range,  NM  88002 . 


Ken  Powers,  Naval  Ocean  Systems  Center,  271  Catalina  Blvd,  San  Diego,  ”ca"  921*  52*.".".".  1 !  1 
Dr  Luclen  M.  Blberman,  Institute  for  Defense  Analyses  (IDA/STD),  1801  North  beauregard  Street ’ 
Alexandria,  VA  22311  . . 


Dr  Jim  BUbro,  EC-32,  Bldg  4487,  Marshall  Space  Flight  Center,  Alabama  35812 . ...!.!!!!! 

Dr  Francis  S.  Binkowskl,  Environmental  Protection  Agency--ESRL ,  Mall  Drop  80, 

Research  Triangle  Park,  NC  ,  2771  1  . 

Dr  Richard  Bird,  Solar  Energy  Research  Inst.,  1536  Cole  Blvd,  Golden,  CO* 80401 

Dr  E.  Blase,  DARPA,  1400  Wilson  Blvd,  Arlington,  VA  22209 . 

Dr  P.  Breitling,  USAFETAC/CCN,  Scott  AFB,  IL  62225 . ". 

Jack  Bufton  (Code  723),  NASA  Goddard  Space  Flight  Center,  Greenbelt,  MD  20771  . 

Eldon  W.  Burgess  (MT-DA-T) ,  Commander,  Dugway  Proving  Ground,  Dugway ,  UT  84022 . 

Mr  Donald  C.  Caldwell  (Code  53631 F) ,  Naval  Air  Systems  Command,  Washington,  DC  20361  . 

Julian  Chernlck ,  Director,  USAMSAA,  ATTN:  DRXSY-GS,  Army  Proving  Ground,  MD  21005 . 

Dr  W .  J.  Condell ,  ONR  (Code  421  ),  800  N.  Quincy  Street,  Arlington,  VA  22217 . 

Lt  Col  Ted  S.  Cress,  AF0SR/NC,  Bolling  AFB,  CO  20332 . 

Leonard  Crouch,  AFWAL/AARF,  Wright  Patterson  AFB,  OH  45433 . . . 

Mr  J.  Curclo,  Code  6530,  US  Naval  Research  Lab,  Washington,  DC  20375 . 

Dr  D.  Delrmendj lan ,  The  Rand  Corporation,  1700  Main  Street,  Santa  Monica,  CA  90401 . 

John  DeLUSI,  NOAA/ERL,  Aerosols  and  Radiation  Monitoring  Group,  '325  Broadway,  Boulder,  CO  80303 . 

Commander,  US  Army  Corps  of  Engineers,  Waterways  Experiment  Center,  P  0  Box  631, 

ATTN:  WESEN  (Curt  Gladen),  Vicksburg,  MS  139180 . 

Commander  HQDA  (DAEN-RDM),  ATTN:  Dr  Richard  B.  Gomez,  Pulaski  Bldg,  Room  6203, 

20  Mass  Avenue,  NW,  Washington,  DC  20314 . 

Ron  Gove,  NSA/S65,  Ft  George  Meade,  MD  20755 . 

James  T.  Hall,  Director,  Atmospheric  Science  Laboratory  (ASL),  White  Sands  Missile  Range,  NM  88002.... 

Dr  Freeman  F.  Hall,  NOAA/ERL,  Boulder,  CO  80303 . 

Dr  James  E. /Hansen,  NASA,  Goddard  Space  Flight  Center,  Institute  for  Space  Studies,  2880  Broadway 

New  York,  NY  10025 . 

Mark  Hansen,  Code  915,  Bldg  22,  Room  116,  Goddard  Space  Flight  Center,  Greenbelt,  MD  20771 . 

Mr  J.  Hess,  SAMSO/DYAT,  P  0  Box  92960,  Worldway  Postal  Center,  Los  Angeles,  CA  90009 . 

Major  Frank  Holt,  OLA-A,  AWS,  Buckley  ANG  B,  CO  80011 . 

Henry  Horak  (Group  J),  Los  Alamos  National  Laboratory,  Los  Alamos,  NM  87544 . 

H.  G.  Hughes/Code  532,  Naval  Ocean  Systems  Center,  271  Catalina  Blvd,  San  Diego,  CA  92152 . 

Robert  Humphrey,  Harry  Diamond  Labs,  Adelphl,  MD  20783 . 

Dr  Ralph  E.  Hushke,  The  Rand  Corporation,  1700  Main  Street,  Santa  Monica,  CA  90401  . 

S.  Gerald  Jennings,  Commander,  Director,  Atmospheric  Sciences  Laboratory  (ASL),  White  Sands 

Missile  Range,  NM  88002 . 

J.  Johnson  (DRSEL-NV-VI) ,  Night  Vlslon/Electro-Optical  Lab,  Ft  Belvolr,  VA  22060 . 

Mr  Richard  W.  Johnson,  University  of  California,  Scripps  Inst  of  Oceanography,  Visibility  Lab, 

San  Diego,  CA  92152 . 

Dr  Barry  Katz  (Code  R42),  Naval  Surface  Weapons  Center,  White  Oak,  Silver  Springs,  MD  20910 . 

Y.  J.  Kaufman,  NASA-Goddard ,  Greenbelt,  MD  20771  . . . 

Mr  Mike  Kluse,  Battelle,  505  King  Ave,  Columbus,  OH  43201  ... . 

Dr  Marta  Kowalczyk,  IDA/Sclence  and  Tech  Dlv,  1801  N.  Beauregard,  Alexandria,  VA  22311 . 

William  Lanlch,  AFWAL/RSP ,  Wright  Patterson  AFB,  OH  45433 . 

Dr  Anthony  J.  Larocca ,  ERIM  (IR  4  Optical  Dlv),  P  0  Box  618,  Ann  Arbor,  MI  48107 . 

Mr  I  P  Leet,  US  Naval  Weapons  Center,  Code  5156,  China  Lake,  CA  93555 . 

J.  D.  Llndberg,  Commander.  Director,  Atmospheric  Sciences  Laboratory  (ASL),  White  Sands 

Missile  Range,  NM  88002 . . . 

Mr  Charles  Lucius,  Batolle,  505  King  Ave,  Columbus,  OH  43201  , . . . 

Dr  John  M.  Maccallum,  Jr.,  OUSDRAE  ( R4AT) ,  RM  3D1079,  The  Pentagon,  Washington,  DC  20301  . 

Dr  M.  P.  McCormick,  Aerosol  Measurements  Research  Branch,  NASA  Langley  Research  Center, 

Hampton,  VA  23665 . 

Harvey  Malchow,  The  C.S.  Draper  Lab  Inc,  555  Technology  Square,  Cambridge,  MA  02139 . 

Jack  Margolls  (Mall  Stop  169-332),  Jet  Propulsion  Laboratory,  4800  Oak  Grove  Drive,  Pasadena,  CA  91103 
G.  Megle  (MS  183-301),  Jet  Propulsion  Laboratory  (JPL) ,  California  Inst  or  Technology,  4800  Oak  Grove, 

Drive,  Pasadena,  CA  91103..... . 

Major  Mendenhall,  0L-F  AWS,  Worldway  Postal  Center,  P  0  Box  92960,  Los  Angelos,  CA  90009 . 

G.  Moorodlan,  Naval  Ocean  Systems  Conter,  271  Catalina  Blvd,  San  Diego,  CA  <T2152 . 

Mr  J.  Moulton  (DELNV-VI),  US  Army  Night  Vision  Lab,  Ft  Belvolr,  VA  22060 . . 

Dr  Laged  G.  Mundle  (Engr  Scl  Dept),  The  Rand  Cor porati on ,  1700  Main  Street,  Santa  Monica,  CA  90401.... 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

.1 

1 

,1 

,1 

,1 

,1 

,1 
,  1 
.1 
,1 

.  1 
,1 
.1 
,1 
,  1 
.1 
,  1 
.1 

.1 
.  1 

.1 
.1 
.1 
.1 
,  1 
.1 
.1 
.1 

.1 

.1 

.1 

.1 
,  1 
.1 

.1 
.  1 
,1 
,  1 
,1 


Xr  E.  N.  Myers ,  OUSDRE  (EPS),  RM  3D1079,  The  Pentagon,  Washington,  DC  20301 . . . , 

Mr  Then*  as  H.  Pries,  US  Army  Atmospheric  Sciences  Laboratory  ,  (ASL)  (ERAAAD  COM),  ATTN:  DELAS-AS-P . 

Rudl  Puescnei,  HOAA/ERL/ARL,  R32x3,  325  Broadway,  Boulder  *  CO80303!  1  1 

Mr  David  Reed,  Electromagnetic  Compatibility,  Analysis  Center,  North  Severln,  Anapolls,  MD  21402 . 1 

r-  -•  R«*sberg ,  NASA  Langley  Research  Center,  Lldar  Appl  Sol,  MS  401  A,  Hampton,  VA  23668 . 1 
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MEMORANDUM  FOR  DTIC-OQ 

ATTENTION:  LARRY  DOWNING 

8725  JOHN  J.  KINGMAN  ROAD 
FORT  BELVOIR,  VA  22060-62 18 

FROM:  Air  Force  Weather  Technical  Library 
151  Patton  Ave,  Rm  120 
Asheville,  NC  28801-5002 

SUBJECT:  CHANGE  CLASSIFICATION  AND  DISTRIBUTION  STATEMENTS 


1.  AD254761  -  Seasonal  and  latitudinal  variations  of  air  density  in  the  mesosphere  (30  to  80  kilometers),  March  1961. 

2.  AD254659  -  Air  density  profiles  for  the  atmosphere  between  30  and  80  kilometers,  Jan.  1961. 

3.  ADB099413  -  Electro  optical/meteorological  simulation  model,  Aug.  1985. 

4.  ADB 130894  -  Directory  of  climatic  databases  available  from  OL-A,  USAFETAC,  Jan.  1996. 

i~— — RE  Placed  A o(\ 

All  the  above  documents  need  to  be  changed  to  “Approved  for  Public  Release,  Distribution  Unlimited”  please. 

SUSAN  A.  TARBELL 
Librarian,  Classified  Custodian, 

DTIC  Point  of  Contact 
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